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ABSTRACT

During the summer and fall of 1980, 1983, and 1986, the
National Marine Fisheries Service and the Fisheries Agency of
Japan conducted comprehensive trawl surveys of the groundfish
resources of the Aleutian Islands. The survey area included the
continental shelf and upper slope from Stalemate Bank to Unimak
Pass, including Bowers Ridge and a portion of the southern Bering
Sea.

The major objectives of these surveys were to define the
distribution and abundance of commercial groundfish species and
to assess changes in stock abundance and biological conditions
over the 6-year survey period. Results of each of these yearly
surveys include distribution information, biomass and population
estimates, size and age composition, and length weight data for
most species of commercial fish. This paper presents and
compares the data from each of the three surveys.

The average total biomass estimate for the three surveys was
2.4 million metric tons. Fish made up over 96% of this biomass,
and included 161 species representing 40 families. Nineteen
species made up over 90% of the total available biomass.
Accounting for 23% of the available biomass, walleye pollock
(Theragra chalcogramma) with a similar biomass estimate each year
was the most abundant species. Giant grenadier (Albatrossia
pectoralis), a non-utilized species was the second most abundant
species with an increasing biomass which accounted for 18% of the
available resource. The other abundant species were Atka
mackerel (Pleurogrammus monopterygius), Pacific ocean perch
(Sebastes alutus), and Pacific cod (Gadus macrocephalus),
accounting for 16, 8, and 7% of the resource, respectively.
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INTRODUCTION

Since 1979, the Alaska Fisheries Science Center (AFSC),
National Marine Fisheries Service (NMFS), Seattle, Washington,
and the National Research Institute of Far Seas Fisheries
(NRIFSF), Fisheries Agency of Japan, Shimizu, Japan, have
conducted triennial groundfish resource assessment surveys in
Alaska waters. Beginning with the eastern Bering Sea in 1979,
the surveys were expanded to the region around the Aleutian
Islands in 1980 and further to the Gulf of Alaska in 1984. Prior
to the cessation of cooperative surveys following the 1987 field
season, surveys were completed for the Aleutian Islands region in
1980, 1983, and 1986, in the Gulf of Alaska in 1984 and 1987, and
in the Bering Sea in 1979, 1981, 1982, and 1985.

The principal objectives of these surveys were to 1)
establish a benchmark database to assess stock condition and
changes over time, 2) define the distribution and relative
abundance of the pr1n01p1e groundfish and commercially important
invertebrate species, and 3) collect data to define the
biological parameters of each major groundfish stock. A
description of the survey methods and results obtained from the
earlier research surveys have already been published in various
papers or reports (Bakkala et al. 1985; Wakabayashi et al. 1985;
Brown 1986; Ronholt et al. 1986; Sample et al. 1985; Wilderbuer
et al. 1985).

The Aleutian archipelago consists of 47 major islands
extending westward in a nearly 1,500 km arc from the Alaska
Peninsula to Attu Island. The larger islands and numerous
smaller islands are separated into five major groupings. These
island groups going from east to west are 1) The Fox Islands,
including Unimak, Akutan, Unalaska, and Umnak Islands; 2) The
Islands of Four Mountalns, including Chuginadak, Yunaska, and
Amukta Islands; 3) The Andreanof Islands, including Seguamn,
Amlia, Atka, Adak, Kanaga, Tanaga, and Gareloi Islands; 4) The
Rat Islands, including Amchitka, Kiska, and Buldir Islands; and
5) The Near Islands, including Shemya, Agattu, and Attu Islands
(Figs. 1 and 2).

Located among the western 1slands are several banks and
reefs; the most prominent are Petrel Bank north of Semisopochnoi
Island; Buldir Reef, Tahoma Reef, and Walls Plateau which form an
arc to the south of Buldir Island; and Stalemate Bank, located to
the west of Attu Island. Bowers Ridge rises in a northwesterly
arc approximately 400 km long north of the Rat Islands and
contains the Ulm Plateau at its northwestern tip and Bowers Bank
with depths shallower than 100 m.

The bathymetry of the sea floor in the area reflects the
volcanic origin of the islands and is characterized by an
extremely irregular bottom, narrow continental shelf, and abrupt
continental slope. The Aleutian Trench defines the limit of the
continental slope approximately 120 km to the south of the chain
with depths ranging from 4,000 to 7,500 m. Separated by Bowers
Ridge, the northern continental slope is 30 to 75 km wide and
bounded by Bowers Basin in the west and the Aleutian Basin in the
east.
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Oceanographic studies of the Aleutian Islands are scarce and
have primarily concentrated on the interchange of waters between
the North Pacific Ocean, Bering Sea, and Gulf of Alaska
(Favorite 1974, Favorite et al. 1976, Favorite and Ingraham 1972,
Hood 1983, and Reed and Schumacher 1986). The surface waters of
the major passes between the islands are characterized by strong
and complex currents which are prone to rapid changes.

Influenced by strong winds opposing the tidal flow, sea
conditions can deteriorate rapidly and be extremely hazardous.
Tidal cycles generally flood to the north and ebb to the south.

Historically, the Aleutian Islands have been an important
fishing ground for foreign vessels, with total catches averaging
over 73,000 t per year from 1962 to 1986 (Bakkala 1987). The
modern era of foreign fisheries in the region can be traced to
the early 1960s with the expansion of Japanese and Soviet
fisheries to the eastern Bering Sea and Aleutian Islands region
for yellowfin sole (Pleuronectes aspera) and Pacific ocean perch
(Sebastes alutus) (Forrester et al. 1978). Fisheries conducted
by Japan, the former U.S.S.R., the Republic of Korea, and Poland
have accounted for the majority of catches in the area, with the
largest fishery in the Aleutian Islands region concentrating on
Pacific ocean perch, with catches of 285,000 metric tons (t) from
1964 to 1966 (Table 1). Following the decline of the Pacific
ocean perch fishery after 1972, walleye pollock (Theragra
chalcogramma) and Atka mackerel (Pleurogrammus monopterygius)
emerged as the dominant fisheries. Incidental catches of
sablefish (Anoplopoma fimbria), Pacific cod (Gadus
macrocephalus), and turbots (arrowtooth flounder, Atheresthes
stomias; Kamchatka flounder, A. evermanni;, and Greenland turbot,
Reinhardtius hippoglossoides) in the trawl fisheries have made
important contributions to the catches for the area along with
directed longline fisheries for sablefish and Pacific cod
(Forrester et al. 1978, Forrester et al. 1983).

With the enactment of the Magnuson Fisheries Conservation
and Management Act (MFCMA) in 1976, the importance of U.S.
vessels in the fisheries of the area has increased (Table 2).

Due primarily to U.S. joint venture efforts commencing in 1981,
and intensified effort by the U.S. domestic fishery for sablefish
and Greenland turbot, coupled with reductions in foreign
groundfish quotas, the foreign fisheries have shifted from
demersal trawling throughout the Aleutian chain to midwater trawl
fisheries targeting on pelagic pollock in the international
waters of the Aleutian Basin (Sasaki and Yoshimura 1987).

This report presents and compares the results of groundfish
assessment surveys conducted in the Aleutian Island region in
1980, 1983, and 1986. Repeated surveys of the area have made it
possible to evaluate and track trends in species distribution and
abundance, size and age composition, and length-weight
relationships.
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Table 1. Annual groundfish catches (metric tons) in the Aleutian
Islands and Southegn Bering Sea areas for foreign
fisheries, 1962-76".

Species
Pacific
b Walleye Pacific c oceary Atka
Year pollock cod Turbots  Sablefish perch Mackerel
e

1962 6 26 - 200 -
1963 1,359 601 374 639 20,800 -
1964 560 278 475 1,534 90,300 -
1965 697 459 305 1,248 109,100 -
1966 1,277 171 59 1,338 85,900 -
1967 1,833 374 210 1,651 55,900 -
1968 2,677 294 102 1,673 44,900 -
1969 512 222 65 1,673 38,800 -
1970 179 284 559 1,247 66,900 -
1971 3,197 2,085 2,331 2,936 21,800 -
1972 1,442 438 14,197 3,531 33,200 4,515
1973 10,475 971 12,371 2,902 11,800 1,604
1974 22,661 1,350 11,983 2,477 22,400 1,377
1975 13,785 2,824 3,757 1,709 16,600 12,078
1976 4,290 4,171 3,437 1,619 14,000 20,092
a

Compiled from Forrester et el. 1978 and Forrester et al. 1983,
except as noted.

1970-1976 data for turbots from Bakkala et el. 1987. Cod from
Thompson and Shimada 1987. 1971-1976 data includes Soviet
catches for walleye pollock, Pacific cod, sablefish, and Atka
mackerel.

Includes arrowtooth flounder, Greenland turbot, and Kamchatka
flounder.

Data may contain rockfish species other than Pacific ocean perch,
from Ito 1987.

Less than 1 metric ton.
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Table 2. Annual groundfish catches (metric tons) in the Aleutian
Islands and Southern Bering Sea areas for foreign, g.s.
joint venture, and U.S. domestic fisheries, 1977-86".

Species
Pacific
Walleye Pacific Greenland  Arrowtooth Sable- ocean Atka
Year  pollock cod turbot flounder fish perch mackerel®
Foreign Vessels
1977 7,625 3,262 2,453 2,035 1,897 8,080 20,975
1978 6,282 3,291 4,766 1,782 821 5,286 24,250
1979 9,504 5,591 6,411 6,436 782 5,487 23,264
1980 58,156 2,905 3,696 4,603 267 4,700 15,337
1981 55,516 2,914 4,398 3,624 377 3,618 14,273
1982 56,040 1,996 6,316 2,356 808 1,012 7,320
1983 56,479 2,271 4,115 3,700 575 272 1,187
1984 71,249 1,277 1,802 1,404 725 356 -
1985 51,447 839 31 11 70 - -
1986 15,956 5 - - - - -
U.S. Joint Venture Vessels
1977 - - - - - - -
1978 - - - - - - -
1979 - - - - - - -
1980 - 86 1 - 4 - 196
1981 - 1,749 2 16 156 4 1,388
1982 1,983 4,280 1 59 118 2 12,226
1983 2,547 4,700 - 53 70 8 10,407
1984 6,694 6,390 1 68 272 273 35,943
1985 7,283 5,638 2 59 63 215 37,856
1986 30,261 6,115 7 78 83 160 31,978 °
U.S. Domestic Vessels
1977 - - - - - - -
1978 - 4 - - - - -
1979 - 2 - - - - -
1980 - 2,797 - - - - -
1981 - 5,779 - - - - -
1982 - 5,250 - - 28 - -
1983 - 2,984 - - 29 - -
1984 3,891 14,459 - - 47 2 -
1985 583 6,213 - 17 1,956 93 -
1986 7 319 2,048 64 3,053 178 -

a Compiled from individual species accounts in Bakkala et al.
19087.

Estimated values for foreign and U.S. joint-venture, catches
1980-83. :
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METHODS AND MATERIALS

Vessels and Survey Periods

A total of five U.S. and three Japanese vessels were used
during the 1980, 1983, and 1986 Aleutian Islands surveys. Two
U.S. and one Japanese trawler were chartered by the AFSC and by
the NRIFSF in 1980. Both U.S. vessels, the M/V Half Moon Bay and
M/V Ocean Harvester were 32.9 m west coast combination trawler-
crabbers, while the Japanese vessel the Hatsue Maru No. 62 was a
50.6 m land-based stern trawler. Two NOAA ships, the R/V Miller
Freeman (65.5 m) and the R/V Chapman (38.5 m), and a Japanese-
chartered land-based trawler, Daito Maru No. 38 (51.8 m),
participated in the 1983 survey. A U.S. combination crabber-
trawler, Lets Go (25.9 m), and a Japanese land-based trawler,
Ginryu Maru No. 5 (55.3 m), were chartered for the 1986 survey.
The Japanese land-based trawlers were of similar type and
equipped with similar fishing and navigational systems.
Specifications for the U.S. and Japanese vessels are listed in
Table 3.

Table 3. Characteristics of the vessels used during the U.S.-
Japan 1980, 1983, and 1986 Aleutian Islands groundfish

surveys.
Vessel Overall Gross Horse-
Name length (m) Tonnage power

Half Moon Bay 32.9 197 850
Ocean Harvester 32.9 197 1,150
Hatsue Maru No. 62 50.6 350 3,000
Miller Freeman 65.5 1,515 2,150
Chapman 38.5 427 1,150
Daito Maru No. 38 51.8 349 3,800
Lets Go . 25.9 . 145 565
Ginryu Maru No. 5§ 55.3 350 3,000

The survey period extended from July through November in
1980 and 1983, and from May through September in 1986, with the
most extensive coverage of the survey area being performed by the
Japanese charter vessels (Table 4).
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Table 4. Sampling periods of the survey vessels participating in
the U.S.-Japan 1980, 1983, and 1986 Aleutian Islands
groundfish surveys.

Months
Years Vessels May June July Aug. Sept. Oct. Nov.
1980 Half Moon Bay 6/30——====—- 8/20
Ocean Harvester 7/22--8/22
Hatsue Maru No. 62 7]6———————m e 11/4
1983 Miller Freeman 7/26--8/14
Chapman 8/16--9/5
Daito Maru No. 38 7/16————=mrm— e 11/4
1986 Lets Go 7/20-—=-—==- 9/26
+ Ginryu Maru No. 5 5/1l4=———mmmm e 9/19

The Hatsue Maru No. 62 attempted 217 stations in two legs
(7/6-11/14). The M/V Half Moon Bay attempted 129 stations (6/30-
8/20) and the M/V Ocean Harvester attempted 89 stations (7/29-
8/22). In the 1983 survey, 263 stations were attempted by the
Daito Maru No. 38 (7/16-11/4), and 99 and 63 were attempted by
the NOAA ships Miller Freeman (7/26-8/14) and Chapman (8/16-9/5),
respectively. The Ginryu Maru No. 5 attempted 364 stations (5/14-
9/19) and the Lets Go attempted 135 stations (7/20-9/26) during
the 1986 survey.

’ Gear

From 1980 to 1987, all bottom trawl surveys by U.S. vessels
were conducted with a standard nylon Noreastern trawl (headrope
length 27 m, footrope length 32 m), a four-seam trawl with a
- total length of 50.2 m (Fig. 3). Because the waters surrounding
the Aleutian Islands are known for their rough trawling bottom,
the Noreastern trawl was fished with roller gear constructed of
45.7 cm rubber rollers in the throat and 35.6 cm rubber bobbins
along the wings. Triple dandylines were 54.9 m long (Fig. 4). A
3.2 cm liner in the cod end was used to retain small fish. Steel
V-type otter boards were 1.8 x 2.7 m and weighed approximately
409 kg each. This net was characterized by horizontal mouth
openings ranging from approximately 14 to 18 m and a vertical
opening of approximately 7 m.

The six-seam and eight-seam trawls used by the Japanese-
chartered land-based trawlers were provided by the vessels and
were those normally employed during commercial fishing
operations. The trawls used during each survey were of various
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designs. Several modifications and improvements were made on
these trawls, depending on the fishing master’s experience, to
increase the fishing efficiency. During the 1980 survey, two
different trawls were used on the Hatsue Maru No. 62 The
32/44/73 trawl (headrope length 32 m, footrope length 44 m and
total length 73 m) used during leg 1 was replaced during leg 2 by
the 55/65/83 trawl (Figs. 5 and 6).

Both trawls were fished with roller gear constructed of used
57 cm automobile tires in the throat and rear wings and 53 cm
steel and rubber balls in the forward wings. Figure 7 shows the
roller gear used during the first half of the survey. This same
configuration was also used during the second half, except that
the length of the center wing section was increased by 10.5 m to
accommodate the larger trawl. Both trawls were fished with 82 m
dandylines consisting of a single 32 m section branching to a
double 50 m section, and 2.2 x 3.4 m otter boards weighing 2.4 t
each in water. The 32/44/73 trawl had an estimated trawl mouth
opening of approximately 5.2 m vertically and 28.8 m
horizontally; the 55/65/83 trawl opened 4.5 m vertically and
21.6 m horizontally.

During the 1983 survey a 47/58/71 trawl was used by the
Daito Maru No. 38 for all sampling (Fig. 8). This trawl was also
fished with roller gear, although quite different from that used
by the Hatsue Maru No. 62 in 1980 being constructed of 53 and
35 cm gum bobbins and 30 and 41 cm gum discs (Fig. 9). The Daito
Maru No. 38 also used 80 m dandylines consisting of a 40 m single
section branching to 40 m doubles, and 2.25 x 3.45 m otter boards
weighing 2.4 t each in water. The mouth opening of this trawl
measured approximately 5.0 m vertically and 28.3 m horizontally.

The Ginryu Maru No. 5 conducted all sampling during the 1986
survey with a 38/54/84 otter trawl fished with roller gear
constructed as in 1980 i.e., 57 cm car tires in the throat and
rear wings and 53 cm rubber and steel balls in the forward wings
(Figs. 10 and 11). Other accessories included 100 m dandylines
with a 50 m single section branching to a 50 m double section,
and 2.25 x 3.5 m otter boards weighing 2.9 t each in water. The
estimated average horizontal and vertical openings of the trawl
mouth while fishing were 22.8 m, and 4.5 m respectively.

The general characteristics of the trawls used by the U.S.
and Japanese research vessels during the triennial survey are
shown in Table 5.
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Figure 5. Schematic diagram of the 32/44 m trawl used by the
Hatsue Maru No. 62 during the first half of the U.S.-
Japan 1980 Aleutian Islands groundfish survey.
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Figure 6. Schematic diagram of the 55/65 m trawl used by the
Hatsue Maru No. 62 during the second half of the U.S.-
Japan 1980 Aleutian Islands groundfish survey.
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Table 5. Characteristics of demersal trawls used
during the U.S.-Japan 1980, 1983, and 1986
Aleutian Islands groundfish surveys.

Length Mesh Size Net opening
Trawl Head- Foot Wing Inter- Cod- Hori- Verti-
rope rope body mediate end zontal cal
(m) (m) (mm) (mm) (mm)  (m) (m)
Noreastern 1980 27.4 32.0 127 89 32 16.8 6.7
Noreastern 1983 27.4 32.0 127 89 32 18.0 5.2
Noreastern 1986 27.4 32.0 127 89 3za 16.5 6.1
Japanese 1980 31.8 44.0 135-180 90,120 90 21.6 5.2
Japanese 1980 54.8 65.0 120-180 90,120 90 28.5 4.5
Japanese 1983 45.0 58.0 120-180 100,120 90 28.0 5.0
Japanese 1986 38.4 54.0 120-180 100,120 90 22.1 4.5

a Codend was constructed of three layers of webbing.

Trawl Mouth Height and Width Measurements

The area swept technique was used to estimate the biomass of the
groundfish resources. The area swept by a trawl was obtained by
measuring the distance the net was towed using loran or radar
readings, the net width, defined as the distance between the wing
tips, and the trawl mouth height or vertical opening.

For the Japanese vessels, the trawl mouth height was measured
using a net monitor transducer (Furuno FQl) attached to the midportion
of the head rope of the trawl during all three surveys. During the
1980 and 1983 surveys the wing spread (horizontal opening) was
estimated using the methods developed by Koyama (1974) based on the
relationship of the distance between the trawl cables measured at the
trawling block and measured again approximately 1 meter aft. In 1986,
direct measurements were obtained using a Furuno FQl transducer
attached to one wing tip and entwining reflective material in the
opposite wing tip as described by Wakabayashi and Teshima 1986.

Headrope height for the U.S. vessels was measured with a third
wire net transducer system attached to the middle of the headrope in
1983 and by a Scanmar net mensuration system in 1986. Headrope height
in 1980 and wing spread estimates for the 1980 and 1983 surveys were
estimated from a small number of measurements obtained using a net
monitoring system developed by the AFSC Resource Assessment and
Conservation Engineering (RACE) Division, on vessels of similar size
and horsepower. In 1986, direct measurements were obtained using a
Scanmar net mensuration systemn.
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Sampling Design and Rationale

The original objectives of this research program were to
conduct a multispecies groundfish assessment survey and delineate
commercial fish concentrations throughout the Aleutian Island
region from 165° W long. to 170° E long., including Bowers Ridge.
Operations were to be conducted in a dual mode; that is, the
groundfish survey would proceed normally until a significantly
large concentration of a commercially important species was
encountered, then additional non-survey stations (reconnaissance
sampling) would be conducted to delineate the geographic and
bathymetric distribution and abundance of the species. When the
aggregation had been adequately described, operations would
return to the multispecies survey mode.

To assure a wide geographic and bathymetric distribution of
the sampling effort, a stratified systematic sampling pattern was
developed. The continental shelf and upper slope of the Aleutian
Islands and southern Bering Sea except Bowers Ridge was divided
into 30’ wide longitudinal strips. Bowers Ridge was divided into
30 minute longitudinal strips where it runs east to west and 1°
latitudinal strips where it runs north to south. Each strip was
further divided into sampling units based on six depth intervals:

1) 1-100 m (1-54 fm)

2) 101-200 m (55-109 fm)
3) 201-300 m (110-164 fm)
4) 301-500 m (165-273 fm)
5) 501-700 m (274-382 fm)
6) 701-900 m (383-492 fm).

Because only a small number of stations were eventually completed
in the two deepest depth intervals, and of the similarity of
fauna, these were eventually combined into a single depth
interval, 501-900 m, for the 1980 analysis and for future
surveys.

One station was allocated to each sampling unit with
additional sites added when sampling units were greater than 5
nautical miles (nmi) wide between depth boundaries following the
criteria:

1) 5-10 nmi wide- 2 stations
2) 10-15 nmi wide- 3 stations
3) 15-20 nmi wide- 4 stations.

Once survey operations were underway, it became readily
apparent that the time, manpower, and sampling resources were not
adequate to allow completion of both the multispecies survey and
the reconnaissance survey and the addition of extra stations.
Therefore the priority was established to place major emphasis on
completing the multispecies survey and to limit reconnaissance
sampling.
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For data analysis the survey area was initially divided into
three major regions based upon the International North Pacific
Fisheries Commission (INPFC) management areas, 1) the Aleutian
Islands, 170° E - 170° W long. (part of Bering Sea INPFC area V),
2) the southern Bering Sea, 170°-165° W long. north of the
Aleutian Islands (part of Bering Sea INPFC area III) and 3) the
western Shumagin, 170°-165° W long. south of the Aleutian Islands
(part of the Gulf of Alaska Shumagin INPFC area). Because of the
extreme distance between the eastern and western survey
boundaries the survey area was again divided into five major
areas to better describe species distribution and abundance:

1) Southwest area 180-170°E long. south of the chain.
2) Northwest area 180-170°E long. north of the chain.
3) Southeast area 180-170°W long. south of the chain.
4) Northeast area 180-170°W long. north of the chain.
5) Bowers Ridge 176°E - 179°W long. north of 52°30’N lat.

Prior to the 1983 survey, an optimum sampling allocation
analysis (Cochran 1977) was conducted to decide which
distribution of the 1980 sampling effort would have provided the
lowest variance of the biomass estimate for the following five
major species: walleye pollock, Pacific cod, Atka mackerel,
Pacific ocean perch, and giant grenadier (Albatr0551a
pectoralis). The analysis indicated that for an expected
sampling effort of 300 stations, the precision of the biomass
estimates could be improved from 13% to 39% by using the
suggested distribution of the sampling effort; however, this
distribution did not provide adequate protection against p0551b1e
major shifts in the geographical distribution of these species.
Therefore, the distribution of the sampling effort was adopted
with the following modifications:

1) All areas were divided into sampling units 1° of
longitude wide. Minimum sampling effort was set at one
station per depth interval within each sampling unit.

2) The sampling effort for Bowers Ridge would remain
approximately the same as during the 1980 survey.

The stations in excess of these minimum requirements were then
allocated based on the results of the optimum allocation of
effort sampling analysis.

Prior to the 1983 survey, it was also decided to restratify
the survey area to allow a more detailed examination of the
biomass distribution. With the exception of Bowers Ridge each
major area was divided into subareas from 2-5° of longitude wide.
The actual dimensions of each subarea were primarily based on
dividing each major area into two or three subareas representlng
relatively equal bottom areas. These divisions resulted in 13
subareas which when overlaid by the 100-500 m and 900 m depth
contours formed the survey strata.
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1) Southwest area

Subarea 1 170-175°E long.

Subarea 2 175-178°E 1long.

Subarea 3 178°E long. - 180°
2) Northwest area

Subarea 1 172°-177°E long.

Subarea 2 177°E long. - 180°
3) Southeast area

Subarea 1 180°-177°W long.

Subarea 2 177°-174°W long.

Subarea 3 174°-170°W long.
4) Northeast area

Subarea 1 180°-177°W long.

Subarea 2 177°-174°W long.

Subarea 3 174°-170°W long.
5) Southern Bering Sea

Subarea 1 170°-168°W long.

Subarea 2 168°-165°W long.

For the 1986 survey the sampling units and stratification
schemes remained unchanged from 1983. Development of the 1986
survey plan utilized data from both the 1980 and 1983 surveys.

An optimum sampling allocation analysis was conducted on both
data sets to again determine which distribution of the sampling
effort would have resulted in the lowest variances of the biomass
estimates for the dominant species for each survey. For the 1986
survey, 11 species were considered which included the same 5
species as in 1983 with the exception of giant grenadier, but
also including sablefish, northern rockfish (Sebastes
polyspinis), shortraker rockfish (Sebastes borealis) rougheye
rockfish (Sebastes aleutianus), shortspine thornyhead
(Sebastolobus alascanus), arrowtooth flounder, and Greenland
turbot.

The allocation analyses based on the 1980 and 1983 data sets
provided the optimum distribution of sampling effort between the
six major areas. Within each major area, the sampling effort was
then allocated equally between subareas with the following
constraints:

1) The maximum sampling density for any station would be
one station per 85.7 km” (25 nmi“).

2) The minimum sampling density for a strata would be two
trawl stations.

3) Additional stations would be added to selected strata to
equalize sampling densities so strata could be combined
for analysis.

4) Strata that were initially allocated an odd number of
sampling stations received an additional station so that
the U.S. and Japanese sampling effort could be divided
equally.



23
Station Sampling Procedures

The procedure for selecting sampling sites remained constant
throughout all three surveys. No predetermined locations were
sampled. The sampling units were bounded on the east and west by
longitudes and the north and south by depth interval boundaries.
The vessel’s fishing master or captain had the option to place
the station anywhere within these boundaries and usually searched
near the center of the sampling unit-depth interval. Once a
position had been selected, the bottom characteristics would be
evaluated with an echo sounder recording changes in bottom
topography and hardness. The echo sounding transect was
approximately 3 miles long for the U.S. vessels during all the
surveys and for the Japanese vessel in 1986 and approximately 5
miles long for the Japanese vessel during the 1980 and 1983
surveys. If the bottom appeared trawlable the vessel would
reverse course and set the trawl. Fish presence or absence was
never a criteria for deciding to sample or not, only the
trawlability of the station. During the 1980 and 1983 surveys,
the Japanese research vessel towed the trawl for 1 hour, and in
1986 for 30 minutes while the U.S. vessels attempted 30 minute
tows throughout all surveys. The duration and distance of the
tows were measured from the time the net reached bottom as
indicated by a net sound unit until the retrieval of the trawl
was started. The distance was determined by computer
calculations of the differences in loran readings or measuring
the difference in radar bearing when plotted on hydrographic
charts (U.S. vessels) or measuring the distance on a flatbed
plotter (Japanese vessels). If the selected site proved to be
untrawlable or the probability of gear damage too high the vessel
was allowed 30 minutes to find an alternate trawling site in
close proximity to the original station. If no trawlable site
was found, the station was abandoned and the vessel would transit
to the next sampling site. Variations in the time trawled were
caused by hang-ups or sudden discovery of changes in the bottom
topography to hard-rough conditions after the tow was started.
All vessels attempted to follow a uniform depth contour once a
station was started, but again sudden changes in the bathymetry
caused occasional large changes in depth during a tow. No
special attempts were made to sample previously successful
stations in subsequent surveys. All sampling was conducted
during daylight hours to eliminate possible biases caused by
diurnal changes in the depth distribution of any of the species.
Towing speed varied by vessel and was much faster for the
Japanese vessels (Table 6).
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Table 6. Mean towing speeds of research vessels participating in
the U.S.-Japan 1980, 1983, and 1986 Aleutian Islands
groundfish surveys. c

Vessel Name Nautical miles/hour
Half Moon Bay
Ocean Harvester
Miller Freeman
Chapman
Lets Go

Hatsue Maru No. 62
Daito Maru No. 38
Ginryu Maru No. 5

BWwwNNDDND
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Catch and Biological Data Collection Procedures

Data collection procedures were quite similar on vessels of
both nations. On the Japanese vessel, all catch sorting,
splitting, weighing, and measuring was accomplished in the fish
processing facilities below the main deck. Catches of less than
approximately 1,500 kg were completely sorted by species while
larger catches were extrapolated volumetrically; that is, the
volume of the total catch was measured in holding bins, then
approximately 1,500 kg was removed from the bins by the factory
conveyor belts and sorted by species directly into plastic
baskets. Hanging scales were used to weigh the baskets.
Commercially important species of fish in the sorted portion of
the catch were sexed and measured to obtain length frequency data
and counts. Selected baskets of each species (not measured) were
weighed and counted to determine a ratio for estimating the total
number of individuals in the sorted part the catch. Total catch
weight and numbers were extrapolated using a ratio of the volume
of the total catch to volume of the sorted portion.

On the U.S. vessel, all catch sorting, splitting, weighing,
and measuring was done on the main fishing deck. Catches less
than 1,150 kg were completely sorted while larger catches were
extrapolated volumetrically; that is, the volume of the total
catch was measured in the deck bin. Approximately 1,150 kg was
then lifted out of the bin and dumped onto a sorting table using
a splitting net as described by Hughes (1976). Each major
species was sorted into several baskets simultaneously and set
aside in a group and a second set of baskets filled and set
aside. This procedure was followed until every species was
entirely sorted. Then all baskets were weighed on platform
scales and one basket of each species was randomly selected.
Length frequency measurements were made for all commercially
important species and all other selected baskets were weighed and
counted. The ratio between the number of individuals and the



25

weight of the subsample basket was used to estimate the number of
each species in the sorted portion of the catch. Total catch
weight and numbers were extrapolated using a ratio of the volumes
of the total catch to the sorted portion.

One hundred percent of all prohibited species were counted
and returned to the water as soon as possible. Pacific halibut
were counted and measured but not weighed or sexed. On the
Japanese vessel they were usually removed as the catch was dumped
into the holding bin. All Pacific salmon, king crab and tanner
crab were weighed, sexed, and measured.

Length Frequency Measurements

Length frequency measurements were taken for all
commercially important species. The total length (TL) of fish
was measured, from the tip of the snout to the end of the center
of the caudal fin, except for grenadiers which were measured from
the tip of the snout to the anus. Red squid (Berryteuthis
magister) were measured from the forward edge of the mantle to
the end of the center of mantle. Crabs were measured to the
nearest millimeter using stainless steel calipers. Carapace
lengths (CL) were recorded for king crabs, and carapace widths
(CW) for snow crabs (chionoecetes spp.).

On Japanese vessels, all commercially important species from
the sorted catch were measured. Each fish was placed on a
measuring board equipped with a waterproof paper length frequency
strip marked in .5 cm increments. The measurement was completed
by punching a hole into the paper strip at the end of the caudal
fin. The total number of holes in each .5 cm increment was
recorded as the length frequency for the sample. The 10 cm line
of the paper strips was aligned 9.5 cm from the left end of the
measuring board. This had the effect of rounding all
measurements up to the nearest .5 cm interval; that is, a 49.6 cm
measurement would be recorded as 50 cm, and a 50.4 would be
recorded as 50.5 cn.

On U.S. vessels, length frequency measurements were taken
from random basket subsamples taken when the catch was
sorted. Each fish was placed on a measuring board, fitted with a
plastic reusable strip marked in 1 cm increments. A pencil mark
was made on the plastic strip at the end of the caudal fin. The
total number of pencil marks in each centimeter increment was
recorded as the length frequency. The 10 cm line of the plastic
strips was aligned at 9.5 cm on the board. This had the effect
of rounding all measurements to the nearest whole centimeter.
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Age Structure Collection

Otoliths were taken from randomly selected samples of most
commercially important fish during all 3 years. In 1980 and
1983, otoliths were only collected from hauls with fairly large
catches of the desired species. This strategy resulted in more
otoliths than could be processed, so the 1986 collections were
allocated to each of the vessels and distributed throughout the
entire survey area (Table 7).

Table 7. Age structure collection allocation scheme used during
the U.S.-Japan 1986 Aleutian Islands groundfish survey.

Number of Otoliths

U.s. Japan
Aleutian Southern Aleutian Southern
Species Islands Bering Sea Islands Bering Sea
Walleye pollock 1120 280 1120 280
Pacific ocean perch 1120 210 1120 210
Sablefish 1120 210 1120 210
Atka mackerel 1120 210 1120 210
Shortraker rockfish 560 140 560 140
Rougheye rockfish 560 140 560 140
Northern rockfish 560 140 560 140
Shortspine thornyhead 560 140 560 140
Rock sole 560 140 560 140
Arrowtooth flounder 560 140 560 140
Greenland turbot 280 140 280 140

During the 1980 and 1983 surveys, only one otolith was taken
from each spec1men. Otoliths at each station were usually placed
in vials by species sex cm-length categories. That is, for each
station, all otoliths of each sex of each species of each length
category were stored in one vile. However, composite otolith
collections were made aboard the Hatsue Maru No. 62 and the Ocean
Harvester for certain species. For these collections, all
specimens of a single sex size-length interval were combined for
all sampling stations within a subarea into a single otolith
vial. 1In 1986 both otoliths were taken from each specimen and
stored in a single vile.

During all three surveys, rockfish and roundfish otoliths
were cleaned and stored in 50% ethyl-alcohol. Flatfish otoliths
were cleaned and stored dry during the 1980 and 1983 surveys.
During the 1986 survey, flatfish otoliths were stored in a
solution of 50% glycerine and 50% water with the addition of
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0.8 g of thymol, dissolved in a minimum of ethanol, per liter of
solutions to retard growth of undesirable organisms.

Length-welght measurements were taken for most commercially
important species during all three surveys. Lengths were
measured to the nearest centimeter. For species weighing less
than 2,600 g, individuals were weighed on magnetically dampened
trlple-beam platform scales to the nearest whole gram or 10 grams
dependlng on the sea conditions and vessel stability. Larger
species were weighed on hand-held hanging scales of the
appropriate weight capacity. Each capacity scale had different
weight calibration intervals; therefore, weights were usually
recorded to the nearest 25, 50, or 100 grams. Under good weather
and sea conditions, extrapolations could be made to one-half the
calibrated interval. All specimens were welghed without removal
of stomach contents, which for the larger species in partlcular
added variability.

Relative Fishing Power Comparisons

Each year, during these groundfish resource assessment
surveys, an attempt was made to determine the relative fishing
power of one of the U.S. vessels compared to a Japanese vessel so
that data from both vessels could be combined for analysis. For
each comparison, catches were selected based on the original 30
minutes of longitude sampling units used to establish the
sampling de51gn of the 1980 survey. Only paired stations
completed in the same sampling unit by each vessel/gear
combination, or in most instances, adjoining sampling units were
selected for these analysis. If an unequal number of stations
were available for each vessel/gear combination, paired
observations were selected based on the similarity of sampling
depths.

A fishing power coefficient was calculated for each selected
species as the ratio of the mean catch per unit of effort (CPUE)
obtained from each vessel/gear combination.

Survey Precision

Throughout these analyses the measure of precision of the
biomass estimates has been the confidence interval expressed as a
percent of the biomass estimate (This measure of precision will
be referred to as the confidence interval). Since the fish
species being dealt with in this report are not randomly
distributed, and the most abundant and important species are in
fact very gregarious, the variance is proportional to the mean
biomass estimates and the resulting confidence intervals are very
large, reflecting a low degree of precision in the biomass
estimates. The confidence intervals of the most abundant spe01es
in the survey area were examined to determine if the changes in
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the sampling patterns had in reality increased the precision of
the biomass estimates as intended.

Environmental Data

During all trawling operations, echo sounding traces of the
bottom topography were recorded and used to determine mean
trawling depths. Surface water temperatures were taken from
pilothouse readouts of engine intake water or with thermometers
and surface water samples obtained with buckets. Surface to
bottom water temperatures profiles were taken with expendable
bathythermographs (XBTs).

Data Management

Data collected during the 1980, 1983, and 1986, groundfish
resource assessment surveys of the Aleutian Islands were
maintained in four separate files:

1) Haul - station-specific data such as date, time,
latitude, longitude, depth, sampling gear, temperature,
and gear performance.

2) Position - file type containing more details on position
(e.g., latitude and longitude at the start and end of
net tows).

3) Catch - species code, weight, and number.

4) Length-frequency - species code, sex, length, and
frequency.

5) Specimen - species code, sex, age-length, length-weight,
reproductive condition, age structures, and stomach
contents.

Data was usually recorded on preprinted forms and logged on
magnetic tape or computer disk at sea; however, all data from the
Hatsue Maru No. 62 and all specimen data forms were data logged
at the AFSC after the cruise was completed.

After the data files were entered into the database at the
AFSC they were scrutinized for errors utilizing diagnostic
programs. All suspected errors were checked against original
data sheets and corrected. Following correction of the data
bases, copies were sent to the Groundfish group, Fishery Agency
of Japan, Far Seas Fisheries Research Laboratory, Shimizu, Japan.

Species Groupings

During these surveys, scientists from both nations sometimes
encountered unfamiliar species which could not be identified to
species, or more familiar species which occurred together with an
extremely similar species in high abundance. Therefore, for the
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data analysis, certain faunal elements were combined at genus,
family, or higher taxonomic levels (Table 8).

Table 8. Species groupings used for analysis of the U.S.-Japan
1980, 1983, and 1986 Aleutian Islands groundfish

surveys.
Year
Group Name Species included 1980 1983 1986
Skates All Rajidae X X X
Coryphaenoides sp. All Coryphaenoides X
Triglops sp. All Triglops X
Irish lords All Hemilepidotus X
Malacocottus sp. All Malacocottus X X X
Myoxocephalus sp. All Myoxocephalus X X X
Arrowtooth flounder All Atheresthes X X X
Squids All Squids X
Octopuses All Octopuses X X X

Data Analysis Procedures

Relative Fishing Power Comparisons

Since direct side-by-side trawling was not feasible, it was
necessary to develop an alternative method of estimating relative
fishing power differences between the U.S. and Japanese
vessel/gear combinations. It was decided that the U.S. and
Japanese vessels would sample alternate sampling units in the
same time period so that catch rates at adjacent stations could
be compared. Although this plan was attempted the actual number
of paired stations which were completed in the same relative time
and place was small because vessel communications were inadequate
for close coordination and the vessels did not operate together
for the entire survey. Catch rates at paired stations in the
same or adjacent sampling units conducted within a 1 month period
were compared. In 1980, only 36 paired observations were
available because the U.S. vessel did not have time to fish the
entire area. In 1983, vessel communications and simultaneous
schedules improved and although the time available to the U.S.
vessels decreased the number of comparable stations increased to
42. 1In 1986, they increased to 59.

Data analy51s to determine relative fishing power
coefficients (RFPC) by species included calculation of the ratio
of the mean CPUE of the U.S. vessel-trawl combination and the
Japanese vessel-trawl combination in catch per unit area,
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(kg/hectare (Distance towed (km) x trawl width (km) x .01)) for
each species where

Mean CPUE (U.S.)kg/hectares
RFPC = .
Mean CPUE (Japan)kg/hectares

Mean Catch Per Unit Effort and Biomass

Before any computations were conducted, several adjustments
to the haul and catch files were made. The catch files for the
Japanese trawl were divided by the ratio of the U.S. trawl width
for a survey by the mean trawl width of the Japanese trawl of the
same survey to standardize these data to one trawl width, a
requirement of the computer program. In 1986, when trawl width
by depth data were available for the Japanese trawl, the data
were adjusted to reflect these differences. This adjustment was
accomplished by selecting the shallowest depth interval trawl
width as the standard and dividing the distance fished in the
other depth intervals by the ratio of the trawl widths in each
depth interval by the trawl width in the shallowest standard
depth interval.

Biomass estimates were computed based on the most efficient
trawl during each survey. Therefore, when the U.S. trawl was the
most efficient at capturing a species, the Japanese catch data
was multiplied by the appropriate RFPC coefficient. When the
Japanese trawl was the most efficient the U.S. catches were
divided by the ratio of the U.S. catches divided by the Japanese
trawl catches.

For all analyses the vulnerability, or the portion of
individuals in front of the trawl which were caught, was unknown
and was therefore assumed to be equal to 1.0.

Mean CPUE was obtained by standardizing all catches to
kilograms/square kilometer (kg/km°), and then summing the catches
and dividing by the number of stations (Wakabayashi et al. 1985).
Variances of the means were also calculated.

Biomass estimates and their variances and confidence
intervals were calculated using the methods developed by Alverson
and Pereyra (1969). Biomass was calculated by strata, as defined
in the survey design and rationale section of this paper for
1983, and the subarea or area totals were obtained by addition of
the strata totals (Wakabayashi et al. 1985). The population
numbers were calculated in a similar manner.

Length Frequencies and Population Size Composition

For this analysis the Japanese length frequency data were
converted to the U.S. data format of 1 cm intervals by
subtracting 1 mm from each length and rounding to the nearest
centimeter. A relative length frequency distribution was
calculated for each stratum by weighting each length frequency
sample by the ratio of the station CPUE (numbers/ha) representing
the sample to the sum of all the CPUEs within the stratum and
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then summing the weighted frequencies for each length interval.

A population size composition was constructed for each stratum by
multiplying the total strata population estimate by the ratio of
the relative number of frequencies in a size-sex category to the
total number of relative frequencies. Subarea and area totals
were obtained by addition of strata size-sex interval totals.

Age Composition

All age interpretations were accomplished by trained
specialists at the Age and Growth Unit of the AFSC or by
scientists at the Far Seas Fisheries Research Laboratory. These
age interpretations are based upon the assumption that annuli are
formed on otoliths or scales and they represent annual marks
(Wakayabashi et al. 1985). For all species except Atka mackerel,
the age was determined by the actual count of the annuli. For
Atka mackerel, which is a late summer-fall spawner, it was
determined that an annuli was not formed the first winter;
therefore, 1 year was added to the age obtained by the age
readers. Otoliths were used for ageing all species except
Pacific cod for which scales were read.

Age data were combined by subarea or area depending upon how
the data were collected to form age-length keys. Age composition
was calculated by proportioning the size composition to age
groups based upon the percentage of each age group in that size-
sex category with the age-length key.

Growth Characteristics

Growth characteristics of the principle species were
estimated by fitting the mean length-at-age data to the
von Bertalanffy growth curve using a nonlinear least-squares
technique (von Bertalanffy 1938).

Length-Weight

Relationships of the weight at length of the principle
species were calculated using a regression analysis and curve fit
of the length-weight data. A linear least square was calculated
on the log-transformed data.
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RESULTS

Sampling Effort

The total number of attempted stations decreased from 435 in
1980 to 425 in 1983 but increased to 499 in 1986 (Table 9, Figs.
12 and 13). Of the 435 stations attempted in 1980, 31 were
unsuccessful, 64 were for special sampling, 48 were placed in the
Shumagin INPFC area, (sampled only during 1980), and 45 were from
an area adjacent to Adak Island which was not sampled during the
1986 survey leaving 247 1980 stations for data comparison.
During 1983, 18 of the 425 attempted stations were unsuccessful,
30 were used for special sampling and 58 were conducted in the
area not sampled during 1986 leaving 319 valid stations for
comparison with other years. 1In 1986, 438 of the 499 attempted
stations were used for comparison with 18 being unsuccessful and
34 being used for special sampling. The amount of total effort
available for the comparison analysis increased from 57% in 1980
to 75% in 1983 and 88% in 1986. The Japanese research vessels
completed 66-78% of the total sampling effort during the three
survey years.

Table 9. Summary of sampling effort expended during the U.S.-
Japan 1980, 1983, and 1986 Aleutian Islands groundfish

surveys.
Years
Stations _ 1980 1983 1986
Attempted 435 425 499
Unsuccessful 31 18 18
Special sampling 64 30 34
West Shumagin 48 0 0
Adak military zone, 45 58 9
Used for comparison 247 319 438

a 176°30’W - 178°30’W (four special sampling
stations were also in the Adak military zone)

The total number of comparative sampling stations in the
Aleutian Islands region increased from 211 in 1980 to 278 in
1983, and 367 in 1986 (Table 10). During all three surveys, the
Japanese research vessels provided the majority of the sampling
effort. 1In 1980, 62% of the stations were completed by the
Hatsue Maru No. 62. The Daito Maru No. 38 completed 73% of the
stations in 1983, and the Ginryu Maru No. 5 75% in 1986. Most
of the deep water sampling, (>300 m) was completed by the
Japanese research vessels, while the U.S. research vessels worked
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Figure 13. Survey stations used for data analysis in the Southern
Bering Sea and Bowers Ridge areas of the U.S.-Japan
1980, 1983, and 1986 Aleutian Islands groundfish
surveys.
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primarily in shallower waters. Japanese vessels completed 100% of
the stations in Bowers Ridge during all three surveys. In 1980
the U.S. vessels conducted sampling operations in all but the
500-900 m depth interval, but in 1983 and 1986 most U.S. sampling
occurred at depths shallower than 300 m. '

Table 10. Number of stations successfully completed in the
Aleutian Islands areas during the U.S.-Japan 1980,
1983, and 1986 groundfish surveys.

1980 1983 1986

Area Depth (m) U.S. Japan Total U.S. Japan Total U.S. Japan Total
Southwest 1-100 1 0 1 0 4 4 3 5 8
101-200 11 12 23 8 29 37 15 44 59

201-300 5 19 24 7 18 25 3 15 18

301-500 8 14 22 4 11 15 2 13 15

501-900 0 6 6 3 15 18 0 7 7

1-%00 25 51 76 22 77 99 23 84 107

Southeast 1-100 0 0 0 0 1 1 4 1 5
101-200 8 6 14 4 9 13 10 13 23

201-300 ) 3 8 5 9 14 3 10 13

301-500 3 3 6 0 5 7 2 8 10

501-900 0 3 3 2 5 5 0 4 4

1-900 16 15 31 11 29 40 19 36 55

Northwest 1-100 1 0 1 1 4 5 7 6 13
101-200 4 1 5 2 10 12 9 15 24

201-300 2 6 8 2 9 11 3 14 17

300-500 5 4 9 1 4 5 2 8 10

501-900 0 8 8 3 12 15 0 8 8

1-3800 12 19 31 9 39 48 21 51 72

Northeast 1-100 2 1 3 1 1 2 5 1 6
'101-200 10 8 18 19 10 29 14 30 44

201-300 8 9 17 10 7 17 6 21 27

301-500 6 6 12 1 6 7 4 16 20

501-900 1 6 7 1 15 16 0 19 19

1-900 27 30 57 32 39 71 29 87 116

Bowers 101-200 0 0 0 0 2 2 0 1 1
Ridge 201-300 0 1 1 0 2 2 0 3 3
301-500 0 2 2 0] 5 5 0 4 4

501-900 0 13 13 0 11 11 0 9 9

1-s00 0 16 16 0o 20 20 0 17 17

Aleutian 1-100 4 1 5 2 10 12 19 13 32
Islands 101-200 33 27 60 33 60 93 48 103 151
Total 201-300 20 38 58 24 45 69 15 63 78
301-500 22 29 51 8 31 39 10 49 59

501-900 1 36 37 7 58 65 0] 47 47

1-900 80 131 211 74 204 278 92 275 367
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In 1980 and 1983, the effort was more concentrated in the
western area of the Aleutian Islands, but in 1986 the sampling
effort was more evenly distributed throughout the entire
Aleutians Island region (Table 11). During 1980, 24-28% of the
effort from each area was distributed in the intermediate depth
intervals with the shallowest depth interval accounting for only
2% of the effort. 1In 1983, the percentage of the sampling effort
increased in the two shallowest and the deepest depth interval
and in 1986 the percentage increased again in the two shallowest
depth intervals.

Table 11. Distribution of sampling effort and sampling density
in the Aleutian Islands areas during the U.S.-Japan
1980, 1983, and 1986 groundfish surveys.

Percent Stations per 1,000 km’

Area Depth (m) 1980 1983 1986 1980 1983 1986
Southwest 1-100 1.3 4.0 7.3 0.2 0.9 1.8
101-200 30.3 37.4 56.0 3.5 5.6 9.0

201-300 31.6 25.3 16.5 10.4 10.9 7.9

301-500 29.0 15.2 13.8 6.5 4.4 4.4

501-900 7.9 18.2 6.4 0.9 2.6 1.0

1-900 100.1 100.1 100.0 3.2 4.2 4.5

Southeast 1-100 3.1 2.5 10.7 0.3 0.3 1.7
101-200 43.8 32.5 41.1 4.3 4.0 7.0

201-300 25.0 35.0 23.2 2.5 4.4 4.1

301-500 18.8 17.5 17.9 2.5 2.9 4.2

501-900 9.4 12.5 7.1 1.1 1.8 1.4

1-900 100.1 100.0 100.0 2.0 2.6 3.6

Northwest 1-100 3.2 10.4 18.1 0.4 2.1 5.5
101-200 16.1 25.0 33.3 1.9 4.6 9.2

201-300 25.8 22.9 23.6 7.5 10.3 15.9

300-~500 29.0 10.4 13.9 4.1 2.3 4.5

501-900 25.8 31.3 11.1 1.4 2.6 1.4

1-900 99.9 100.0 100.0 2.2 3.4 5.1

Northeast 1-100 5.3 2.8 5.2 1.4 0.9 2.7
101-200 31.6 40.9 37.9 4.6 7.4 11.2

201-300 29.8 23.9 23.3 6.9 6.9 11.1

301-500 21.1 9.9 17.2 3.5 2.0 5.8

501-900 12.3 22.5 16.4 1.1 2.6 3.1

1-900 100.1 100.0 100.0 3.1 3.9 6.4

Bowers 101-200 0.0 10.0 5.9 0.0 6.4 3.2
Ridge 201-300 6.3 10.0 17.7 0.8 1.6 2.5
301-500 12.5 25.0 23.5 1.2 3.1 2.5

501-900 81.3 55.0 52.9 1.8 1.5 1.3

1-900 100.1 100.0 100.0 1.6 2.0 1.7

Aleutian 1-100 2.4 4.3 8.7 0.4 1.0 2.7
Islands 101-200 28.4 33.5 41.1 3.7 4.1 9.1
Total 201-300 27.5 24.8 21.3 5.7 6.8 7.6
301-500 24.2 14.0 16.1 3.8 2.8 4.3

501-900 17.5 23.4 12.8 1.3 2.2 1.6

2.6 3.4 4.5

1-900 100.0 100.0 100:0
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Sampling density in the Aleutian Islands varied from 0.4
station per 1,000 km" in the 1-100 m depth interval in 1980 to
9.1 stations per 1,000 km’ in the 101-200 m depth interval in
1986. Overall sampling density for all depths combined increased
from 2.6 stations per 1,000 km" in 1980 to 4.5 stations per 1,000
km’ in 1986. This improvement occurred in all but the deepest
depth interval, but the greatest improvement occurred in the 1-
100 m depth interval.

In the Southern Bering Sea the number of stations completed
doubled from 1980 to 1986 with the U.S. research vessels
accounting for 61% of the total sampling during both the 1980 and
1983 surveys (Table 12).

Table 12. Number of stations successfully completed in the
Southern Bering Sea area during the U.S.-Japan 1980,
1983, and 1986 Aleutian Islands groundfish surveys.

1980 1983 o 1986

Depth (m) U.S. Japan Total U.S. Japan Total U.S. Japan Total

1-100 8 3 11 11 2 13 21 10 31
101-200 7 5 12 10 4 14 10 13 23
201-300 3 2 5 4 4 8 3 5 8
301-500 3 2 5 0 3 3 0 4 4
501-900 1l 2 3 0 3 3 0 5 5

Total 22 14 36 25 16 41 34 37 71

During 1986, however, they completed 48% of the sampling.
As in the Aleutian Islands region, the U.S. vessels completed
more shallow stations while the Japanese research vessels
completed more of the deeper stations, particularly during 1983
and 1986. By percentage, the distribution of the sampling effort
increased in the shallowest depth interval and decreased in all
others between 1980 and 1986. The overall sampling density for
the Southern Bering Sea increased from 2.8 stations per 1,000 Km
in 1980 to 5.7 stations per 1,000 km®> in 1986 (Table 13).

Table 13. Distribution of sampling effort and sampling density
in the Southern Bering Sea area during the U.S.-Japan
1980, 1983, and 1986 Aleutian Islands groundfish

surveys.

Percent Sampling density
Depth (m) 1980 1983 1986 1980 1983 1986
1-100 30.6 31.7 43.1 2.3 2.7 6.5
101-200 33.3 34.2 31.9 3.7 4.3 7.0
201-300 13.9 19.5 11.1 5.0 8.0 8.0
301-500 13.9 7.3 6.9 3.9 2.4 3.1
501-900 8.3 7.3 6.9 1.3 1.3 2.2
All Depths 100.0 100.0 100.0 2.8 3.2 5.7
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Survey Precision

The change in the sampling design for the 1983 survey was
based prlmarlly on the 1980 distribution of five of the most
dominant species. 1In 1983, the confidence intervals of the
biomass estimates for four of the species improved: moderately
for three species, walleye pollock (26%) giant grenadier (26%)
and Pacific cod (13%); substantially for Atka mackerel (47%);.and
declined slightly for Pacific ocean perch (6%) (Table 14).

Table 14. Confidence intervals expressed as a percent of the
mean biomass estimate for important species
encountered during the U.S.-Japan 1980, 1983, and 1986
Aleutian Islands groundfish surveys.

Aleutian Islands Southern Bering Sea
Species 1980 1983 1986 1980 1983 1986
Walleye pollock 67 - 41 42 124 128 71
Pacific cod 56 43 49 65 54 59
Atka mackerel 104 57 276 268 156 174
Pacific ocean perch 47 53 38 329 183 106
Giant grenadier 57 31 52 943 152 792
Northern rockfish 266 70 64 129 109 181
Sablefish 64 107 54 741 96 81
Arrowtooth flounder 28 28 75 214 34 169
Greenland turbot 42 45 26 - 22 622 342
Shortraker rockfish 41 140 39 105 308 188
Rougheye rockfish 163 66 121 8 375 713
Shortspine thornyhead 65 17 23 101 37 60

For the other seven species which occur at lower abundance,
three species, northern rockfish, shortspine thornyhead, and
rougheye rockfish improved while arrowtooth flounder and
Greenland turbot remained relatively unchanged and sablefish and
shortraker rockfish declined in precision. A closer examination
of the sablefish data showed that over 63% of the total
variability could be attributed to the Northeast area’s, 201-

300 m depth interval, which also contained 46% of the total
biomass estimate for the Aleutian Islands region. For shortraker
rockfish the Southwest area’s 301-500 m depth interval
contributed 52% to the total variance and 19% to the total
biomass. If the high variation of these 'two area-depth intervals
are discounted, the new sampling design and the increased
sampling effort showed excellent overall 1mprovement in the
confidence intervals for most of the important species during the
1983 survey.

During the 1986 survey, the new sampling design did not
improve the precision of the biomass estimates as much as in
1983. Of the 11 species included in the sampling allocation
analysis, the confidence interval of four species, northern
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rockfish, walleye pollock, shortspine thornyhead, and Pacific cod
remained relatively unchanged. Four species, shortraker rockfish
(101%), sablefish (53%), Greenland turbot (19%), and Pacific
ocean perch (15%) improved, while three species, Atka mackerel,
rougheye rockfish, and arrowtooth flounder had larger confidence
intervals. The large improvements in sablefish and shortraker
rockfish estimates are attributable to the fact that in 1986
these species had a more even distribution than in 1983 which
resulted in a lower variance associated with the biomass
estimates.

For three of the four species with improved confidence
intervals, the same situation was apparent as occurred in the
1983 survey; that is, one area-depth interval had extremely large
catches which contributed to high variation of the biomass
estimates. These are: (1) arrowtooth flounder, Northeast area,
301-500 m depth interval, 51.9% of total biomass but 98.8% of
total variance; (2) Atka mackerel, Southwest area, 1-100 m depth
interval, 75.9% of total biomass, 77.6% of total variance; and
(3) giant grenadier, Northwest area, 501-900 m depth interval,
41.4% of total biomass, and 79.1% variance.

Confidence intervals for the Southern Bering Sea have always
been very large for most species. Since the size of the survey
area is quite small, the number of sampling stations has also
been small, which when combined with large catches for many
species, leads to extremely large estimates of variance. During
the 1983 survey, the confidence intervals for four of five
dominant species decreased (Pacific cod, Atka mackerel, Pacific
ocean perch, and giant grenadier) and remained relatively
constant for one, walleye pollock. Of the other important
species the confidence intervals for Greenland turbot, shortraker
rockfish, and rougheye rockfish increased indicating a general
decrease in precision. Results of the 1986 survey were not as
clear. Six species, walleye pollock, Pacific ocean perch,
sablefish, Greenland turbot, Pacific halibut, and shortraker
rockfish showed improvement; one species, Pacific cod, remained
relatively unchanged, and six species, Atka mackerel, giant
grenadier, northern rockfish, arrowtooth flounder, and shortspine
thornyhead decreased.

Fishing Power Comparisons

During the 1980 survey, 36 paired observations were
available between the Half Moon Bay (27/32 m Northeastern trawl)
and the Hatsue Maru No. 62 (32/44 and 55/65 m trawls). The Half
Moon Bay was more effective at capturing five fish species:
Pacific halibut, flathead sole, (Hippoglossoides elassodon), Atka
mackerel, rougheye rockfish, and Pacific ocean perch. It was also
more effective at capturing red king crab (Paralithodes
camtschatica). Both vessels were equally effective at capturing
Greenland turbot and golden king crab (Lithodes aequispina). The
Hatsue Maru No. 62 was more effective at capturing the remaining
species (Table 15).



41

Table 15. Estimates of relative fishing power differences (CPUE
of U.S. vessel divided by CPUE of Japanese vessel) for
vessels participating in the U.S.-Japan 1980, 1983,
and 1986 Aleutian Islands groundfish surveys.

Year

Species 1980 1983 1986
Skates 0.76 2.00 0.54
Arrowtooth flounder 0.94 1.36 0.30
Greenland turbot 1.03 1.38 0.41
Pacific halibut 1.36 1.46 0.63
Flathead sole 1.78 - 2.07
Dover sole - 0.59 1.09
Rex sole 0.61 3.58 0.53
Rock sole 0.61 1.84 0.74
Sablefish 0. 05 0.62 0.11
Giant grenadier 0.30 -
Pacific cod 0.93 0.70 0.57
Walleye pollock 0.76 0.38 0.32
Atka mackerel 4.49 - 0.24
Shortspine thornyhead 0.49 0.62 0.67
Rougheye rockfish 1.28 1.24 0.17
Pacific ocean perch 1.27 0.63 0.26
Northern rockfish 0.42 0.37 0.12
Shortraker rockfish 0.37 0.98 0.48
Tanner crab - - 3.10
Golden king crab 1.04 - 2.57
Red king crab 7.76 - 1.39
Red squid - 0.12 0.11

In 1983, 42 observations were available between the NOAA
ship Miller Freeman (27/32 m trawl) and the Daito Maru No. 38
(45/58 m trawl). The NOAA Ship Miller Freeman was more effective
at capturing rougheye rockfish, skates (Rajidae), and all species
of flatfish with the exception of Dover sole (Microstomus
pacificus).

In 1986, 59 comparable stations were available between the
Lets Go (27/32 m trawl) and the Ginryu Maru No. 5 (38/54 m
trawl). The Lets Go was more effective in capturing Dover sole,
flathead sole, and all species of crab.

The mean catch rates used to compare relative fishing power
were influenced by (1) the clumped, irregular distribution of
the species; (2) the ability of the fishing masters to trawl on
extremely rough substrates; and (3) differences in the roller
gears, trawl design, and construction materials which also
allowed sampling in areas of rough substrate.
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‘Length Frequency Measurements

Length frequency measurements were taken for all
commercially important species. These measurements totaled over
126,000 in 1980, 132,000 in 1983 and 129,000 in 1986 with over
80% of the collection being taken on the Japanese research
vessels (Table 16).

Table 16. Number of length frequency measurements collected
during the U.S.-Japan 1980, 1983, and 1986 Aleutian
Islands groundfish surveys.

Years
1980 1983 1986
Species uU.s. Japan U.S. Japan u.s. Japan
Arrowtooth flounder 510 10,637 619 5,488 668 9,623
Greenland turbot 420 4,656 180 1,476 29 3,327
Pacific halibut 226 497 544 593 453 1,916
Flathead sole 222 1,613 468 750 887 2,713
Dover sole 27 79 0 47 0 64
Rex sole 191 1,408 69 776 0 2,099
Rock sole 1,754 8,114 3,926 . 8,107 4,193 12,794
Sablefish 232 4,624 347 4,170 13 4,484
Giant grenadier 0 3,626 594 5,691 (o} 3,226
Popeye 0 3,295 432 4,126 0 2,524
Pacific cod 4,378 3,229 3,567 7,335 3,031 11,797
Walleye pollock 9,079 17,227 8,384 20,483 6,785 18,615
Atka mackerel 2,337 2,973 338 7,205 567 4,124
Shortspine thornyhead 0 8,027 38 6,613 109 5,012
Rougheye rockfish 271 5,029 197 3,717 28 4,362
Pacific ocean perch 3,650 14,456 2,951 19,922 2,175 12,629
Northern rockfish 1,264 1,767 259 6,276 754 5,127
Shortraker rockfish 217 1,767 385 3,129 33 2,222
Red squid 0 8,308 75 2,299 0 1,948
Golden king crab 126 0 19 565 0 640
Red king crab 26 0 6 2 0 197
Alaska snow crab 78 0 41 2 0 30

Total 25,008 101,332 23,439 108,872 19,725 109,473
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Age Structures
A total of 14,005 otoliths were collected in 1980, 25,468 in
1983 and 10,774 in 1986 (Table 17).

Table 17. Summary of otoliths collected during the U.S.-Japan
1980, 1983, and 1986 Aleutian Islands groundfish

surveys.
1980 1983 1986
Species U.s. Japan u.s. Japan U.s. Japan
Arrowtooth flounder 0 1,154 0 520 0 328
Greenland turbot 0 113 180 137 0 653
Flathead sole 0 0 216 49 (o] 30
Rex sole 0 0 28 128 (] 163
Rock sole 110 1,154 500 1,278 620 480
Sablefish 0 57 262 908 (o] 980
Pacific cod 654 56 1,580 396 0 480
Walleye pollock 2,842 3,312 2,397 6,500 840 1,496
Atka mackerel 1,208 428 143 951 120 670
Shortspine thornyhead 107 0 25 1,446 0 420
Rougheye rockfish . 36 298 36 1,371 0 415
Pacific ocean perch 667 1,184 1,565 2,517 439 1,330
Northern rockfish 486 0 107 569 120 510
Shortraker rockfish 66 73 224 1,435 0] 650

Total 6,176 7,829 7,263 18,205 2,139 8,605




44

Length-Weight Measurements

During the 1980, 1983, and 1986 surveys, 3,790, 9,731 and
13,382 individual length-weight measurements were taken (Table
18).

Table 18. Summary of length-weight observations obtained during
’ the U.S.-Japan 1980, 1983, and 1986 Aleutian Islands
groundfish surveys.

Years
1980 1983 1986
Species U.s. Japan U.Ss. Japan U.s. Japan
Arrowtooth flounder 0 70 0 56 0 328
Greenland turbot 0 113 180 (o} 0 633
Flathead sole 0 0 0 0 0 30
Rex sole 0 0 28 (o] 0 163
Rock sole 0 0 400 319 620 525
Sablefish 0 57 161 307 0 983
Pacific cod 65 157 782 390 36 946
Walleye pollock 0 130 1,316 2,431 840 1,515
Atka mackerel 826 137 17 276 226 946
Shortspine thornyhead 0] 0 25 510 0 499
Rougheye rockfish 36 0 35 60 0 535
Pacific ocean perch 1,405 414 938 643 439 3,055
Northern rockfish 241 0 2 304 120 511
Shortraker rockfish 66 73 224 271 0 251
Red squid 0 0 0 56 0 161

Total 2,639 1,151 4,108 5,623 2,281 11,101
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Trawl Measurements

The wing spread estimates of the Japanese trawls during the
1980 and 1983 surveys showed a wide variation, especially at
water depths greater than 200 m. Wing spread measurements
obtained during the 1986 survey tended to increase as the depth
increased at depths less than 200 m, but remained constant at
depths greater than 200 m as shown below and in figure 14.

Depth Interval (m)

Mean Width (m)

Horizontal net opening /(m)

1-100 20.09
101-200 22.83
201-300 23.38
301-500 24.67
501-900 24.73
30}
- y ° ® e
26" S % e f e © o0 £ o o0 i,
i ’.'3 ..*{3 e ° 03!:0 °
«® 00 08¢ ® ® [ ) °
24 2 . 'ﬁ: ° *
L °
- ° e o o ° °
18 - * o
A MdaA A
7 AA A A A °
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10 4
i Lets Go Ginru Maru
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2 .
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Depth (m)

Figure 14. Wing spread measurements of trawls used during the
U.S.-Japan 1986 Aleutian Islands groundfish survey.
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BIOMASS ESTIMATES

Total biomass of all fish and invertebrates taken during the
three surveys averaged 2.4 million t and estimates ranged from a
low of 1.5 million t in 1980 to 3.3 million t in 1986 (Table 19).
Estimates for biomass increased 51% between 1980 and 1983, and

41% between 1983 and 1986.

Fish dominated the catches all 3

years, with invertebrates accounting for only 4% of the average

biomass.

of pelagic species declined after 1980.

The overall species composition in 1980 consisted of

124 species representing 35 families (Appendix C.). The number

Table 19. Biomass estimates for important fish species, from the
total survey area, based on the U.S.-Japan 1980, 1983,
and 1986 Aleutian Islands groundfish surveys.

Biomass (t) % of

Total
Species 1980 1983 1986 Average Biomass
Pollock 308,745 778,666 550,517 545,976 22,92
Atka Mackerel 150,346 343,312 634,651 376,103 15.79
Pacific Ocean Perch 88,713 214,708 262,828 188,750 7.92
Pacific cod 126,445 158,767 214,923 166,712 7.00
Northern Rockfish 43,248 45,344 188,360 92,317 3.87
Arrowtooth flounder 36,860 47,795 144,946 76,534 3.21
Sablefish 142,384 78,900 136,303 119,196 5.00

Greenland turbot 44,990 65,845 88,2176 66,370 2.79

Rougheye rockfish 19,797 24,816 59,454 34,689 1.46

Halibut 12,554 21,130 45,074 26,253 1.10

Shortraker rockfish 13,817 37,539 31,589 27,648 1.16
Shortspine thornyhead 20,214 15,401 24,139 19,918 0.84
Rock sole 27,948 19,213 25,720 24,294 1.02
Skates 12,295 19,437 20,736 17,489 0.73
Flathead sole 3,837 1,325 9,845 5,002 0.21
Rex sole 1,796 6,207 5,496 4,500 0.19
Dover sole 534 486 1,102 707 0.03
Giant grenadier 314,031 351,304 601,583 422,306 17.72
Other fish 78,216 59,074 110,953 82,748 3.47
All fish 1,446,770 2,289,269 3,156,495 2,297,511 96.43
All invertebrates 99,697 47,827 107,604 85,043 3.57
All species 1,546,467 2,337,096 3,264,099 2,382,554 100.00
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Biomass estimates in the Aleutian Islands area were similar
to the total survey area with fish making up most of the catch,
and invertebrates accounting for about 4% (Table 20).

Table 20. Biomass estimates for important fish species, from the
Aleutian Islands area, based on the U.S.-Japan 1980,
1983, and 1986 groundfish surveys.

Biomass (t) % of

Total
Species 1980 1983 1986 Average Biomass
Pollock 252,013 495,982 448,138 398,711 20.4
Atka mackerel 130,514 343,302 634,006 369,274 18.97
Pacific ocean perch 82,710 117,229 208,052 135,997 6.99
Pacific cod 52,070 '113,143 172,625 112,613 5.79
Northern rockfish 42,907 43,828 124,869 70,535 3.62
Arrowtooth flounder 26,928 38,272 124,855 63,352 3.25
Sablefish 24,192 69,029 111,689 68,303 3.51
Greenland turbot 31,059 51,812 67,757 50,209 2.58
Rougheye Rockfish 18,875 21,987 55,359 32,074 1.65
Halibut 9,853 13,826 38,1856 20,845  1.07
Shortraker Rockfish 12,797 24,459 23,985 20,414 1.05
Shortspine Thornyhead 19,135 13,987 23,213 18,778 0.96
Rock sole 12,159 15,188 19,376 15,574 0.80
Skates 10,122 16,262 19,492 15,292 0.79
Flathead sole 1,966 631 5,836 2,811 0.14
Rex sole 574 1,765 3,037 1,792 0.09
Dover sole 344 369 1,047 587 0.03
Giant grenadier 313,480 349,538 600,656 421,225 21.64
Other fish 47,646 44,045 64,158 51,950 2.67
All fish 1,089,344 1,774,654 2,747,006 1,870,335 96.09
All invertebrates 81,423 43,321 103,569 76,104 3.91
All species 1,170,767 1,817,975 2,850,575 1,946,439 100.00




Eight families accounted for 99% of the fish biomass.
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The

two most abundant families were Gadidae and Macrouridae (Table
21). Squids were the dominant (74% of the total) invertebrate
species group with an estimated biomass of 21,000 t.

Table 21. Biomass estimates for important fish and invertebrates
by family or species group, from the Aleutian Islands
area, based on the U.S.-Japan 1980, 1983, and 1986

Aleutian Islands groundfish surveys.

Family or group

Biomass (t)

Gadidae
Macrouridae
Hexagrammidae
Scorpaenidae
Pleuronectidae
Anoplopomatidae
Cottidae
Squids

Rajidae

Crabs
Zoarcidae
Octopuses
Osmeridae
Cyclopteridae
Agonidae

Shrimps

1980

304,473

322,409
130,511
176,456
82,943
24,193
33,624
16,461
10,123
10,784
2,432
757

a

604

373

316

1983

609,261

364,110
343,434
222,278
121,902
69,027
24,570
20,786
16,259
2,976
586

440

a

325

215

52

1986

621,038

618,102
634,055
435,780
260,838
111,690
32,211
25,982
19,491
5,786
1,845
781
1,854
427

102

54

Average
511,591
434,874
369,333
278,171
155,228
68,303
30,135
21,076
15,291
6,515
1,621
659

615

452

326

141

a Less than 1 metric ton.



50

Fish were distributed in all depth intervals and all
subareas of the Aleutian Islands (Table 22). The lower values in
the 1-100 m depth strata in 1980 and 1983 suggests inadequate
sampling of the shallow depth strata durlng those years. The
biomass estimate of over 1 million t in the Southwest area in
1986 reflects a strong year class of Atka mackerel which had an
estimated biomass of over 500,000 t.

Table 22. Biomass estimates of total fish by areas and depth
intervals based on the U.S.-Japan 1980, 1983, and 1986
Aleutian Islands groundfish surveys.

Biomass (t)

Area Depth (m) 1980 1983 1986
Southeast 1-900 248,915 489,947 1,010,539
Southeast 1-900 162,419 391,858 383,116
Northwest 1-900 196,931 383,937 520,611
Northeast 1-900 376,475 448,045 702,356
Bowers Ridge 1-900 104,603 60,868 130,384
Aleutian 1-100 16,588 244,984 743,628
Islands 101-200 422,569 720,685 555,742
Total 201-300 159,640 - 242,880 446,829
301-500 108,195 122,588 246,392
501-900 382,351 443,517 754,415
1-900 1,089,343 1,774,654 2,747,006
Southern

Bering Sea 1-900 357,426 514,615 409,489
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Total fish biomass estimates in the Southern Bering Sea ranged
from 357,000 t in 1980 to approximately 515,000 t in 1983, with an
average of 427,000 t (Table 23). Fish made up 98% of the catch in
this area, while invertebrates contributed only 2%. Eight
families accounted for 98% of the average fish biomass, with
Gadidae and Scorpaenidae having the largest values (Table 24). The
families Macrouridae and Hexagrammidae, which accounted for over
40% of the fish in the Aleutian Islands area, accounted for only 2%
of the Southern Bering Sea fish biomass. Crabs and squids were the
dominant invertebrate species groups with average estimates of
5,000 t and 900 t, respectively.

Table 23. Biomass estimates for important fish species, from the
Southern Bering Sea area, based on the U.S.-Japan 1980,
1983, and 1986 Aleutian Islands groundfish surveys.

Biomass (t) % of

. Total
Species 1980 1983 1986 Average Biomass
Pollock 56,732 282,684 102,379 147,265 33.77
Atka Mackerel 19,832 10 645 6,829 1.57
Pacific ocean perch 6,003 97,479 54,776 52,753 12.10
Pacific cod 74,375 45,624 42,298 54,099 12.40
Northern rockfish 341 1,516 63,491 21,783 4.99
Arrowtooth flounder 9,932 9,523 20,091 13,182 3.02
Sablefish 118,192 9,871 24,614 50,892 11.67
Greenland turbot 13,931 14,033 20,519 16,161 3.71
Rougheye rockfish 922 2,829 4,095 2,615 0.60
Halibut 2,701 7,304 6,218 5,408 1.24
Shortraker rockfish 1,020 13,080 7,604 7,235 1.66
Shortspine thornyhead 1,079 1,414 926 1,140 0.26
Rock sole 15,789 4,025 6,344 8,719 2.00
Skates 2,173 3,175 1,244 2,197 0.50
Flathead sole 1,871 694 4,009 2,191 0.50
Rex sole 1,222 4,442 2,459 2,708 0.62
Dover sole 190 117 55 121 0.03
Giant grenadier 551 1,766 927 1,081 0.25
Other fish 30,570 15,029 46,795 30,798 7.06
All fish 357,426 514,615 409,489 427,177 97.95
All invertebrates 18,274 4,506 4,035 8,938 2.05

All species 375,700 519,121 413,524 436,115 100.00
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Table 24. Biomass estimates of important fish and invertebrates
by family or species group, from the Southern Bering
Sea area, based on the U.S.-Japan 1980, 1983, and 1986
Aleutian Islands groundfish surveys.

Biomass (t)

Family or group 1980 1983 1986 Average
Gadidae 131,107 328,310 144,677 201,365
Scorpaenidae 9,381 116,599 135,625 87,202
Anoplopomatidae 118,192 9,871 24,164 50,742
Pleuronectidae 45,925 40,267 60,186 48,793
Cottidae 27,425 4,471 9,298 13,731
Clupeidae 6 8,461 30,047 12,838
Hexagrammidae 19,844 11 658 6,838
Crabs 14,280 207 423 4,970
Rajidae 2,172 3,175 1,244 2,197
Macrouridae 570 3,020 1,025 1,538
Zoarcidae 2,146 94 941 1,060
Squids 657 522 1,463 881
Octopuses 1,451 2 58 504
Osmeridae a a 943 314
Cyclopteridae 42 3 16 20
Agonidae 32 3 15 17
Shrimps 27 2 18 16

a Less than 1 metric ton.
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SPECIES ACCOUNTS
Walleye Pollock

Distribution and Abundance

Although walleye pollock (Theragra chalcogramma) are found
throughout the Aleutian Islands area, their distribution was
extremely clumped and uneven. Walleye pollock occurred in the
highest abundance category in all areas of the Aleutian Islands,
but not in the southern Bering Sea (Figs. 15-16). They were
found at all depths surveyed, however the vast majority of the
stock was found between 101 and 300 m with the largest portion
occurring in the 101-200 m depth interval (Table 25). Compared
to the 1980 and 1983 surveys more pollock were taken in the 1-100
and 201-300 m depth zones during 1986.

The total estimated biomass of walleye pollock in the
Aleutian Islands increased from 252,000 t in 1980 to 496,000 t in
1983, then decreased to 448,000 t in 1986 (Fig. 17) Increases
in the biomass estimates were noted in all areas in 1983, however
the most significant change occurred in the Southwest area where
the estimated biomass increased nearly fivefold from 37,000 to
179,000 t. Substantial increases of 49,000 t and 39,000 t also
occurred in the Northwest and Southeast areas, respectively. 1In
1986 the largest decreases occurred in the Southwest, Northwest,
and Northeast areas, but these were partially offset by increases
in the Southeast and Bowers Ridge areas. Populatlon estimates
increased each year, ranging from 452.5 million in 1980 to
720.3 million in 1986.

In the Southern Bering Sea area the trend was similar but
the decline was more severe than in the Aleutian Islands area.
Estimated biomass increased nearly fivefold from 57,000 t in 1980
to 283,000 t in 1983, and population increased from 88.3 to
409.7 million fish during the same time period (Fig. 18). 1In
1986, estimated biomass decreased by 64% to 102,000 t and
population decreased to 130.4 million fish.

Estimates of mean CPUE and mean lengths and weights are
summarized in Table 26. 1In the Aleutian Islands area, pollock
were largest in 1983 averaging 46.2 cm in length and 0.62 kg in
weight. 1In the Southern Bering Sea, pollock mean lengths were
greater in 1980 with a mean length of 45.8 cm, but heavier in
1986 with a mean weight of 0.8 kg (Figs. 19-20).

Size and Age Composition

During the 1980 survey, the walleye pollock stock in the
Aleutian Islands area was dominated by small fish 30-35 cm in
length, with small secondary modes of larger fish occurring at
45 and 51 cm (Fig. 21). These smaller fish were 3-year-old
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Figure 16.

Distribution and relative abundance of walleye
pollock in the Southern Bering Sea and Bowers Ridge
areas during the U.S.-Japan 1980, 1983, and 1986
Aleutian Islands groundfish surveys.



Table 25. Estimates of biomass, biomass sampling error, and
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population for walleye pollock based on the U.S.-Japan
1980, 1983, and 1986 Aleutian Islands groundfish

surveys.
Biomass (t) Sampling Error (%) Population (1,000s)

Area Depth (m) 1980 1983 1986 1980 1983 1986 1980 1983 1986
Southwest 1-100 1,165 8,141 8,506 2,741.0 15,678.7 33,371.6
101-200 26,779 139,163 72,808 57,349.0 189,408.4 114,693.8

201-300 8,062 31,764 33,910 15,659.1 37,957.9 53,837.8

301-500 952 265 78 1,081.1 374.1 84.5

501-900 173 74 74 0.0 103.5 111.4

1-900 37,131 179,407 115,376 66.5 41.3 42.3 76,830.2 243,522.6 202,099.1

Southeast 1-100 a 0 12 a 0.0 30.6
101-200 34,245 41,996 48,892 37,972.8 54,475.9 72,651.8

201-300 4,886 35,219 64,591 4,945.7 45,017.8 70,386.0

301-500 861 794 5,536 1,032.7 738.9 4,513.4

501-900 0 0 27 0.0 0.0 18.1

1-900 39,992 78,009 119,058 247.7 136.1 53.3 43,951.2 100,232.6 147,599.9

Northwest 1-100 0 2,706 4,122 0.0 5,713.1 15,235.4
101-200 30,095 16,286 32,784 85,411.7 35,048.6 62,907.0

201-300 18,440 59,920 22,960 22,076.8 85,831.2 29,541.3

301-500 15,833 0 206 13,942.3 0.0 274.1

501-900 21 18 0 0.0 24.0 0.0

1-900 64,389 78,930 60,072 96.6 138.3 59.4 121,430.8 126,616.9 107,957.8

Northeast 1-100 24 179 27,220 0.0 347.3 60,650.8
101-200 46,283 138,336 56,085 139,651.3 175,065.5 115,347.1

201-300 57,160 20,948 57,307 63,535.9 24,825.1 56,469.3

301-500 6,943 58 4,444 7,148.0 53.0 3,601.0

501-900 25 3 107 0.0 10.2 124.8

1-900 110,435 159,527 145,163 117.2 86.0 7.0 210,335.2 200,301.1 236,193.0

Bowers 101-200 a 102 404 a 335.0 3,216.2
Ridge 201-300 18 2 8,057 0.0 6.0 23,243.6
301-500 8 0 0 0.0 0.0 0.0

510-900 40 5 8 0.0 6.3 12.4

101-900 66 109 8,469 40.9 1,113.6 409.3 0.0 347.3 26,472.2

Aleutian 1-100 1,189 11,026 39,860 0.0 982.7 223.6 2,741.0 21,739.1  109,288.4
Islands 101-200 137,402 335,883 210,973 90.0 50.3 37.4 320,384.8 454,333.4 368,815.9
Total 201-300 88,566 147,853 186,825 132.5 73.5 46.2 106,217.5 193,638.0 233,478.0
301-500 24,597 1,117 10,264 78.1 228.3 72.2 23,204.1 1,166.0 8,473.0

501-900 259 103 216 639.1 162.3 382.6 0.0 144.0 266.7

1-900 252,013 495,982 448,138 59.1 38.3 29.4 452,547.4 671,020.5 720,322.0

Southern 1-100 37,071 154,752 13,870 61,460.1 249,580.4 14,349.3
Bering 101-200 12,132 105,247 68,246 18,605.0 131,729.3 95,994.6
Sea 201-300 5,725 16,917 17,788 6,415.9 22,446.7 17,813.7
Total 301-500 1,626 5,768 2,412 1,821.9 5,925.8 2,195.3
501-900 178 0 63 0.0 0.0 81.6

1-900 56,732 282,684 102,379 124.1 138.0 70.8 88,302.9 409,682.2 130,434.5

a No sampling was conducted in this area-depth interval.
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Figure 17. Estimated biomass and population of walleye pollock

in the Aleutians Islands area during the U.S.-Japan
1980, 1983, and 1986 groundfish surveys.
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Figure 18. Estimated biomass and population of walleye pollock
in the Southern Bering Sea area during the U.S.-Japan

1980, 1983, and 1986 Aleutian Islands groundfish
surveys.
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Table 26. Estimates of mean catch per unit effort, length and
weight for walleye pollock based on the U.S.-Japan
1980, 1983, and 1986 Aleutian Islands groundfish

surveys.
Mean CPUE (kg/km?) Mean Length (cm) Mean Weight (kg)
Area Depth (m) 1980 1983 1986 1980 1983 1986 1980 1983 1986
Southwest 1-100 508.6 2,769.6 2,260.6 30.8 37.0 0.0 0.43 0.52 0.26
101-200 4,100.6 21,309.6 11,148.8 43.2 46.3 36.7 0.47 0.74 0.63
201-300 3,513.3 13,842.7 14,778.2 43.1 48.4 43.1 0.52 0.83 0.62
301-500 279.1 7.7 23.0 0.0 44.3 46.3 0.88 0.69 0.91
501-900 24.6 10.5 10.5 0.0 0.0 0.0 0.00 0.72 0.66
1-900 1,722.2 8,078.2 5,009.4 41.2 46.0 38.1 0.48 0.74 0.57
Southeast 1-100 a 0.0 4.4 a 0.0 0.0 a 0.00 0.37
101-200 10,465.7 12,834.5 14,942.0 43.7 46.7 50.1 0.89 0.77 0.65
201-300 1,546.6 11,148.9 20,447.0 49.5 48.8 51.6 0.97 0.78 0.9
301-500 316.1 252.9 1,764.0 54.2 49.9 50.0 0.83 1.07 1.22
501-900 0.0 0.0 9.4 0.0 0.0 0.0 0.00 0.00 1.47
1-900 3,574.4 5,581.3 7,914.2 46.7 47.7 50.3 0.90 0.78 0.80
Northuwest 1-100 0.0 1,146.6 1,746.6 31.6 37.4 0.0 0.00 0.47 0.27
101-200 16,370.1 6,198.8 12,478.2 39.4 38.2 34.7 0.35 0.44 0.49
201-300 17,231.9 55,992.8 21,455.6 45.9 47.5 46.1 0.83 0.61 0.73
301-500 7,145.9 0.0 92.8 49.7 0.0 52.0 1.12 0.00 0.75
501-900 4.8 4.1 0.0 0.0 0.0 0.0 0.00 0.71 0.00
1-900 5,796.0 6,184.4 4,706.8 40.2 44.7 38.8 0.53 0.5 0.53
Northeast 1-100 10.9 153.8 14,196.9 38.8 47.7 0.0 0.00 0.52 0.45
101-200 11,847.2 35,410.4 14,356.1 38.7 46.9 33.9 0.33 0.90 0.49
201-300 23,406.3 8,577.9 23,466.3 49.9 47.6 49.1 0.91 0.87 1.03
301-500 2,022.2 17.0 1,354.0 53.7 0.0 51.5 0.97 1.07 1.23
501-900 4.1 1.0 17.3 0.0 0.0 0.0 0.00 0.61 0.88
1-900 6,163.4 9,313.4 8,187.8 41.6 47.0 39.1 0.52 0.90 0.62
Bowers 101-200 a 326.8 1,295.7 - a 33.5 0.0 a 0.30 0.13
Ridge 201-300 14.6 1.8 6 598.3 36.2 0.0 0.0 0.00 0.36 0.35
301-500 5.1 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00
501-900 5.6 0.7 1.2 0.0 0.0 0.0 0.00 0.81 0.67
101-900 6.6 10.7 825.9 34.9 33.5 0.0 0.00 0.31 0.32
Aleutian 1-100 198.2 1,370.9 3,730.6 35.4 37.2 0.0 0.43 0.51 0.37
Islands 101-200 8,837.4 20,174.7 12,672.0 41.1 45.9 36.6 0.43 0.77 0.56
Total 201-300 8,694.2 14,514.0 18,339.9 46.3 48.0 47.7 0.84 0.72 0.80
301-500 1,837.8 80.9 752.1 53.8 48.5 51.5 1.05 0.95 1.21
501-900 9.8 3.8 7.8 0.0 0.0 0.0 0.00 0.71 0.8
1-900 3,513.9 6,497.7 5,685.4 42.1 46.2 40.0 0.5 0.75 0.62
Southern 1-100 7,692.7 32,112.7 2,878.2 50.6 37.7 39.9 0.60 0.63 0.96
Bering 101-200 3,707.7 32,164.8 20,856.7 43.9 46.4 42.9 0.62 0.83 0.73
Sea "~ 201-300 5,715.9 16,890.8 17,760.8 50.9 45.8 46.6 0.90 0.76 1.00
301-500 1,277.5 4,532.8 1,895.7 52.5 50.1 48.2 0.89 0.97 1.10
501-900 78.1 0.0 27.9 0.0 0.0 0.0 0.00 0.00 0.77
1-900 4,488.5 22,365.7 8,100.2 45.8 41.1 41.2 0.64 0.70 0.80

a No sampling was conducted in this area-depth interval.
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Figure 19. Mean length and weight of walleye pollock in the
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Figure 20. Mean 1éngth and weight of walleye pollock in the
Southern Bering Sea area during the U.S.-Japan 1980,
1983, and 1986 Aleutian Islands groundfish surveys.



3

30
&0
60

70

]

90

83238858830

60
1980

LENGTH (CM)

L- MALE
' ’ i

FEMALE

46

30

16 ] 15 30 46
NUMBER (MILLIONS)

1983

LENGTH (CMm)

838388.880

I Wl vate S remaLe
T T 7

46

30

1:5 (4] 16 30 46
NUMBER (MILLIONS)

1986

LENGTH (CM)

B MALE FEMALE

T

46

30

15 1] 16 3‘0 46
NUMBER (MILLIONS)

120 = —"”‘i W SEXES COMBINED }

90

o

g 13Kl

© 20 30 40 60
LENGTH (CM)

1983

NUMBER (MILLIONS)

80

70

120 1— o “‘! I SEXES COMBINED ]’

80

60

30

10 20 30 40 50
LENGTH (CM)

1986

NUMBER (MILLIONS)

€0

70

120 — "‘i I SEXES COMBINED I E——

90

(1]

10 20 a0 40 &0
LENGTH (CM)

([}

70

Figure 21. Size composition of walleye pollock in the Aleutian
Islands area during the U.S.-Japan 1980, 1983, and

1986 groundfish surveys.



61

PERCENT

50

0 2 4 6 8 10 12 14 1B 18
AGE (YEARS)

ALEUTIAN ISLANDS

PERCENT

50

0! 1900 m |—
I 1983

30 T

20}

10}

0 2 4 6 8 10 12 14 16 18
AGE (YEARS)
ALEUTIAN {SLANDS

PERCENT

0 2 4 6 8 10 12 14 1B 18
AGE (YEARS)

ALEUTIAN ISLANDS

PERCENT

¢ 2 4 6 8 10 12 14 16 18
AGE (YEARS)
SOUTHERN BERING SEA

PERCENT

1-900m |
Bl 1983

Z
0 2 4 6 8 10 12 14 16 18
AGE (YEARS)
SOUTHERN BERING SEA

PERCENT

40 1-900m

M 1986
30 ]

0O 2 4 6 8 1 12 14 1© 18
AGE (YEARS)

SOUTHERN BERING SEA

Figure 22. Age composition of walleye pollock in the Aleutian
Islands and Southern Bering Sea areas during the U.S.-
Japan 1980, 1983, and 1986 groundfish surveys.



62

pollock from the 1977 year class, which accounted for over 40% of
the stock (Fig. 22). The 1978 year class, which was probably not
fully available to the trawl, and the 1976 year class were the
only other age groups contrlbuting over 10% of the stock. Each
successively older age group contributed fewer fish to the total
stock, except for the 1968 year class of 12-year-old fish which
was slightly stronger.

In 1983, there was a strong size mode of pollock between 42
and 52 cm that peaked at 46-47 cm. These 5-year-old fish
contributed nearly 50% of the total stock. Six-year-old fish
from the 1977 year class, which dominated in 1980, were still
significant in 1983 contributing about 18%. Four-year-old fish
from the weaker 1979 year class contributed about 12%. There was
a weak showing of smaller 3-year-old fish 30-35 cm in length.
Year classes prior to 1976 were only minor contributors.

In 1986 the size composition consisted of three size groups:
a strong mode 33-42 cm in length, peaking at 38-39 cm; a mode of
larger fish, 44-50 cm, peaking at 48-50 cm; and a weak incoming
mode of small fish, 26-30 cm, peaking at 29 cm. The 1986 age
composition was domlnated by 3-year-old fish from the strong 1983
year class which contributed almost 45% of the stock. Five-year-
old fish contributed nearly 12%, 8-year-old fish from the 1978
age class added 11%, and 9-year—old fish from 1977 added another
7%.

In the Southern Bering Sea a different picture was
portrayed. During 1980, fish in the 35-43 cm size range were
dominant making up about 55% of the stocks (Fig. 23). These were
3-year-old fish from the 1977 age class which were also dominant
in the Aleutian Islands. Four-year-old fish from the 1976 age
class added another 12% to the Southern Bering sea pollock
stocks. No other year class contributed over 10% of the stocks
in 1980.

In 1983 the Southern Berlng sea stock consisted primarily of
larger fish in the 41-53 cm size mode which peaked at 46-47 cm.
These 5-year-old fish made up about 43% of the stocks. Six-year-
old fish from the 1977 year class still contributed 18% of the
stock in 1983. There was also a strong showing of extremely
small 8-10 cm pollock which were 1983 young of-the-year.

During 1986, the stock consisted primarily of fish in the
43-55 cm size range and for the first time there was a show1ng of
19-23 cm fish. No single year class was strongly dominant in
1986, but 4-8-year-old fish from the 1978-1982 age classes made
up the bulk of the stocks each year contributing from 11 to 17%.
The strong year classes of 1978 and 1977 continued to contribute
to the stocks as 8 and 9-year-old fish; however, the 1983 year
class did not appear to be especially strong in 1986. The 1981
and 1980 year classes which did not appear in the age composition
in any strength in 1983 are present as 5 and 6-year-old fish
contributing about 17% and 12%, respectively. The 1983 year
class which was so strong in the Aleutian Islands area during
1986 was not nearly as strong in the Southern Bering Sea.
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Age comp051t10n of walleye pollock varied considerably with
water depth, but in general, stocks in the shallower depths were
made up of younger fish (Figs. 24-25). In 1980, in the 101-200 m
depth zone 82% of the fish were age 4 or younger. Three-year-old
fish were dominant contributing 50% to the stocks. Two-year-old
fish from 1978 contributed 22% and 4-year-old fish another 10%.
In the 201-300 m zone, 3-year-olds were still abundant but 4- 5-
6- and 7-year-olds from the 1972-76 year classes each made up
more than 10% of the stocks. In the 301-500 m depth zone there
were more older fish, with 5-year-old fish accounting for 20%,
and 6-8-year-olds accountlng for more than 10% each. Four-year-
old fish still made up 10% of the stocks, but 3-year-old fish
were not abundant in that depth zone. Age data for the 1-100 m
depth interval in 1980 were not available.

In 1983, younger fish were predominate in the 1-100 m depth
zone with 2-year-old fish making up about 38% of the stocks.
Three and 4-year-olds each contributed a little more than 10% but
5-year-old fish from the 1978 age class contributed more than
23%. All three deeper depth zones had similar age compositions
in 1983, with the 1978 age class of 5-year-old fish accounting
for more than 45% of the fish in each zone, and 4 and 6-year-old
fish each contributing more than 10%.

During the 1986 survey, 3-year-old fish were dominant in the
three shallowest depth zones, accounting for about 55% of the
stocks in the 1-100 m and 101-200 m zones, and more then 25% in
the 201-300 m zone. In the shallowest depth, 2-year-old fish
made up most of the rest of the stock. Five and 8-year-old fish
from the 1981 and 1978 age classes made up most of the rest of
the stocks in the 101-200 m and 201-300 m depth intervals. 1In
the deepest depth zone, 8-year-olds from the 1978 year class and

9-year-old fish from the 1979 class made up most of the stocks.

Substantial differences were apparent in the size and age
comp051tlon within the Aleutian Islands areas. In 1980, small
fish in the 30-35 cm size mode dominated the size comp051tlon
along the north side of the Aleutian Islands (Figs. 26-27). 1In
the Northwest area, 3-year-old pollock were dominant
making up 43% of the stock. Fish from the 1978 age class
contributed 21%, and 4-year-old fish from the 1976 age class made
up another 12% (Fig. 28). 1In the Northeast area, 2-year-old fish
were dominant providing 50% of the stock and 3-year-old fish from
the 1977 age class contributed 14%. On the south side of the
Aleutian Islands chain, small fish in the 32-40 cm size mode were
encountered in the Southwest, but not the Southeast area (Figs.
29-30). Three-year-old fish of the 1977 age class made up 45% of
pollock in the Southwest area (Fig. 31). Four-year-old fish from
the 1976 year class made up 22%, and 2-year-old fish from the
1978 age class contributed about 7%. In the Southeast area the
majority of fish were larger, mostly in the 47-56 cm size mode.
Five-year-old fish from the 1975 age class were dominant
accounting for 30% of the stocks, 6-year-old fish made up 24% and
4-year-old fish contributed 17%.
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In 1983, the walleye pollock stock consisted primarily of
larger fish, 42-52 cm in length, and there was a greater
similarity in the size comp051tlon throughout the Aleutian
Islands area. Most fish were in the 40-55 cm size mode. These
were 5-year-old fish from the strong 1978 year class and they
dominated the age composition in all areas. Six-year-old fish
were the second most abundant age group accounting for 12-24% of
the stock. Four-year-old pollock contributed an additional 10-
16% of the stock. 1In 1983 only the Northwest area contained
small pollock in the 30-35 cm size mode which consisted of 2- and
3-year-old fish from the 1980 and 1981 year classes.

In 1986, the Northwest and Northeast areas contained a
dominant size mode of pollock in the 32-42 cm size range with a
strong secondary mode at 44-58 cm. However stocks from the
Northwest area contained an additional mode of smaller fish in
the 26-30 cm size mode. The age composition of both areas were
completely dominated by 3-year-old fish from the 1983 year class
which contributed nearly 60% of the total stock. There was a
small showing of 2-year-old fish in the Northwest area.

On the southern side of the Aleutian Islands in 1986 there
was considerable difference between the size composition of the
two areas. In the Southwest area the principle mode was from 35-
55 cm, peaking at 43 cm, while in the Southeast area it ranged
from 43-58 cm peaking at 50 cm. Both areas had secondary modes,
27-31 cm in the Southwest and 34-41 cm in the Southeast area.
The 1983 year class of 3-year-old fish was less dominant then on
the north side of the Aleutians, contributing 30% in the
Southwest and 25% in the Southeast areas. In the Southwest area,

5-year-old fish contributed 22% to the stocks, and 2-year-old
fish from 1984 an additional 17%. 1In the Southeast area there
was a fairly large remnant of 8-year-old fish from the strong
1978 year class that made up 20% of the stocks. In addition,
5-year-old fish contributed 17%, and 7-year-old fish made up 12%
of the stocks.

Mean Length-at-Age and Growth

Mean length-at-age data for walleye pollock for the three
surveys do not demonstrate any definite trends within or between
years (Table 27). Within the Aleutian Islands area the mean size
at age appears smaller in the Southwest than other areas during
all three surveys, particularly at the younger ages (Table 28).

These data show that walleye pollock in the Aleutian Islands
area obtained a length of 19-21 cm by the second summer of their
life. From age 1+ to 2+ they increased an average of
12 cm to around 32 cm and for the next 2 years the average annual
growth increment decreased to between 5 and 6 cm so that at age
4+ years they had obtained a length of 43-46 cm. From age 5+ to
9+ the average yearly growth increment was 2.5-1.7 cm per year
(Table 29. Although individuals up to 14 years in the Aleutian
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Table 27. Mean length (mm) at age for walleye pollock from all
areas sampled during the U.S.-Japan 1980, 1983, and
1986 groundfish surveys.

Aleutian Islands

1980 1983 1986
Age M F M+F M F M+F M F M+F
1 190 - 190 - - - 209 223 213
2 322 317 319 327 334 331 325 330 325
3 375 387 382 371 375 374 386 379 383
4 418 443 432 419 440 430 452 458 457
5 450 500 471 444 456 451 475 481 478
6 483 504 494 448 473 465 493 519 508
7 490 503 495 493 522 509 502 524 512
8 503 551 531 - 542 542 523 522 521
° 529 584 558 490 - 490 509 539 530
0 560 611 589 - - - 543 540 557
1 635 614 620 - 560 560 - 650 650 -
2 560 605 596 - - - - - -
3 500 585 557 - - - 580 - 580
4 602 - 595 - - - - - -
Southern Bering Sea
1980 1983 1986
Age M F M+F M F M+F M F M+F
1 - - - 206 - 205 - - -
2 336 339 338 297 301 299 294 295 294
3 390 395 392 380 380 380 384 386 385
4 422 436 429 442 453 446 413 431 418
5 476 499 490 455 472 464 444 466 450
6 477 504 495 472 494 486 466 485 474
7 482 503 496 495 526 512 480 503 492
8 519 536 531 499 532 516 489 516 504
9 521 541 536 501 533 520 504 527 518
10 507 524 513 516 553 534 518 539 532
11 493 515 504 549 544 545 530 530 530
12 491 523 515 532 566 551 519 567 540
13 490 542 529 480 578 554 530 578 568
14 510 533 525 - 650 650 - - -
15 500 - 500 - - - - - -
16 - - - - - - - - -
17 - 500 500 - - - - - -
M = males F = females
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Table 28. Mean length (mm) at age for walleye pollock sampled in

the Aleutian Islands areas during the U.S.-Japan 1980,

1983, and 1986 groundfish surveys.

1980
Southwest Southeast Northwest Northeast
Age M F M+F M F M+F M F M+F M F M+F
1 - - - - - - - - - - - -
2 - - - 364 373 368 328 330 329 - - -
3 363 365 365 398 405 401 387 401 394 438 444 439
4 384 395 389 442 461 450 431 441 437 443 463 450
5 427 472 450 494 514 507 480 497 491 485 495 490
6 465 488 479 479 517 507 483 506 495 457 500 487
7 460 479 472 477 515 499 500 526 516 476 480 478
8 494 521 515 - 522 522 543 563 555 502 510 505
9 511 527 523 490 520 514 530 566 552 541 571 563
10 492 507 501 473 505 483 592 570 580 528 600 568
11 497 524 514 480 527 500 510 490 500 503 497 498
12 487 519 511 - 520 520 - 520 520 530 550 543
13 480 534 525 - 565 565 500 - 500 - - -
14 514 533 525 - - - - - - - - -
15 500 - 500 - - - - - - - - -
16 - - - - - - - - - - - -
17 - 500 500 - - - - - - - - -
1983
Southwest Southeast Northwest Northeast
Age M F M+F M F M+F M F M+F M F M+F
1 205 - 205 - - - - - - - - -
2 312 322 317 320 328 324 322 326 324 279 274 277
3 380 354 368 395 411 404 352 348 349 396 393 396
4 445 441 444 433 44T 439 444 454 448 448 461 454
5 453 463 458 461 472 467 452 467 461 454 475 465
6 464 471 467 478 485 482 465 477 472 483 513 505
7 468 504 494 496 507 501 483 484 483 511 543 531
8 477 508 489 487 504 497 507 521 512 528 552 542
9 479 502 493 519 540 534 496 552 522 516 547 535
10 497 513 508 526 538 531 490 570 558 524 570 547
11 513 517 516 546 573 560 609 565 598 560 556 553
12 500 530 520 564 - 564 560 600 591 525 572 553
13 480 - 480 - 564 564 - - - - 585 585
14 - - - - - - - - - - 650 650
15 - - - - - - - - - - - -
16 - - - - - - - - - - - -
1986
Southwest Southeast Northwest Northeast
Age M F M+F M F M+F M F M+F M F M+F
1 - - - - - - - - - - - .
2 303 293 298 - 320 327 290 291 288 350 360 357
3 397 396 397 399 409 403 374 379 377 371 376 373
4 428 443 432 416 460 421 406 419 413 395 425 399
5 439 447 443 449 470 459 448 467 455 453 481 468
6 454 479 46T 476 498 489  4B7 493 489 470 493 476
7 471 501 490 472 515 488 479 508 496 497 503 500
8 477 506 495 486 511 501 491 516 503 496 527 512
9 501 515 511 473 532 513 496 546 526 514 532 523
10 505 536 526 485 570 528 552 588 576 533 533 533
11 543 - 543 510 500 505 - 540 540 525 537 530
12 480 - 480 490 - 490 510 530 520 532 573 523
13 - 530 530 - 560 560 - 660 660 530 - 530
M = males F = females
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Table 29. Estimates of yearly incremental growth (cm) of walleye
pollock based on the U.S.-Japan 1980, 1983, and 1986

surveys.
Year
Age 1980 1983 1986 Average
1-2 12.9 - 11.2 12.0
2-3 5.3 4.3 5.8 5.1
3-4 4.3 5.6 7.4 5.8
4-5 3.2 2.1 2.1 2.5
5-6 0.7 1.4 3.0 1.7
6-7 2.6 4.4 0.4 2.4
7-8 3.1 - 0.9 2.0
8-9 2.7 - 2.7 2.7
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Islands area and 17 years in the Southern Bering Sea are included
in the samples, data after the ninth summer is lacking and too
scattered to provide meaningful estimates after the ninth year.
Growth curve estimates are shown in Table 30.

Table 30. Estimated von Bertalanffy growth curve parameters for
walleye pollock sampled during the U.S.-Japan 1980,
1983, and 1986 groundfish surveys.

Range von Bertalanffy
Growth Parameters
Age . Length
Area-Year Sex (Years) (cm) Linr k to
Aleutian Islands
1980 M 2-15 30-62 51.71 0.390 -0.592
F 2-17 30-67 54.16 0.437 -0.012
M+F 2-17 30-67 54.01 0.374 -0.452
1983 M 1-13 19-70 50.85 0.469 -0.082
F 2-14 23-71 55.28 0.382 -0.081
M+F 1-14 19-71 53.63 0.402 -0.070
1986 M 2-13 27-64 50.96 0.394 -0.425
F 2-13 25-66 55.08 0.324 -0.635
M+F 2-13 25-66 53.41 0.340 -0.641
Southern Bering Sea =
1980 M 1-14 19-73 57.81 0.226 -1.585
F 2-13 27-70 64.82 0.206 -1.323
M+F 1-14 19-73 63.13 0.197 -1.649
1983 M 2- 9 29-53 49.80 0.365 -0.934
F 2-11 29-58 56.71 0.243 -1.671
M+F 2-11 29-58 54.61 0.266 -1.491
1986 M 1-13 19-60 53.38 0.422 =0.193
F 2-13 19-65 - 56.10 0.335 -0.466

M+F 1-13 19-65 54.54 0.400 -0.253
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Length-Weight

Length-weight data were collected for walleye pollock during
all three surveys (Fig. 32). Relationships were calculated using
linear regression analysis and the results provided the following
estimates of the parameters a and b for the sexes combined:

Weight(g) (1980) 2855

Weight(g) (1983)
Weight(g) (1986)

.0187 x Length(cm)2764
.0179 X Length(cm)z'845
.0134 x Length(cm)™ .

Length-weight relationships for walleye pollock were
extremely similar during all three surveys; however, in 1980, the
fish were slightly heavier for a given length than in 1983 and
1986 and for the larger fish over 45 cm they were slightly
heavier in 1983 than in 1986.

SEXES COMBINED
—— 1980 N = 1142 —— 1983 N = 35989
—%— 1986 N = 2113 '

WEIGHT (g)

2500

2000

1500

1000

§00

§0 60 70

0 10 20 30 40
LENGTH (cm)

Figure 32. Length-weight relationships for walleye pollock in the
Aleutian Islands area during the U.S.-Japan 1980,
1983, and 1986 groundfish surveys.
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Atka Mackerel

Distribution and Abundance

Atka mackerel (Pleurogrammus monopterygius) had a ,
discontinuous distribution in the Aleutian Islands and Southern
Berlng Sea areas (Figs. 33-34). This spec1es was found clumped
in extremely dense schools making precise abundance assessments
difficult. Atka mackerel are primarily found in shallow water
less than 200 m. Six major concentrations have been defined in
the Aleutian Island area: 1) Stalemate Bank, 2) Buldir and Tahoma
Reefs, 3) Kiska and Amchitka Islands, 4) Petrel Spur on the
extreme northeast corner of Petrel Bank, 5) Tanaga Pass and,

6) Seguam Pass. ‘

The biomass estimate for Atka mackerel in the Aleutian
Islands area more than doubled from 130,000 t in 1980 to
343,000 t in 1983 (Fig. 35, Table 31). Part of this increase was
related to the lack of sampling in the 1-100 m depth interval in
1980 (Tables 10 and 11). the 144,000 t catch (1983) from the
shallow water zone is disregarded the biomass in the remaining
depth intervals increased by 69,000 t. This still represents a
65% increase above the 1980 Atka mackerel biomass. Biomass
estimates in 1983 increased in all areas sampled except the
Northeast area where it decreased by 25%.

In 1986 the biomass of Atka mackerel was 643,000 t,
nearly double the 1983 estimate. However, 83% of the entire
biomass, 525,000 t, occurred in the 1-100 m depth zone of the
Southwest area. This enormous concentration of Atka mackerel was
primarily located in the shallow waters around Kiska and Amchitka
Islands.

Removing the estimate for the 1-100 m depth interval in the
Southwest area leaves a 108,000 t biomass estimate for the rest
of the Atka mackerel resource in the Aleutian Islands. This
represents a 45% decrease from 1983 estimates and reflects a
decrease of biomass estimates in most areas and depth intervals.

In the Southern Bering Sea in 1980, catches of Atka
mackerel near the Island of Four Mountains contributed to a
biomass estimate of nearly 20,000 t (Fig. 36) Since then, only
incidental catches of Atka mackerel have been made in this area
and the biomass estimates decreased to 10 t in 1983 and 600 t in
1986.

In the Aleutian Islands area the largest mean length
(34.9 cm) and mean weight (0.57 kg) for Atka mackerel occurred
during the 1983 survey (Table 32, Figs. 37-38).

Size and Age Composition

The following results assume that all Atka mackerel
are 1 year older than the actual otolith annulus count. (See
discussion on age composition in Methods and Materials section. )
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Figure 34. Distribution and relative abundance of Atka mackerel
in the Southern Bering Sea and Bowers Ridge areas
during the U.S.-Japan 1980, 1983, and 1986 Aleutian

Islands groundfish surveys.
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Figure 35. Estimated biomass and population of Atka mackerel in
the Aleutian Islands area during the U.S.-Japan 1980,
1983, and 1986 groundfish surveys.
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Figure 36. Estimated biomass and population of Atka mackerel in
the Southern Bering Sea area during the U.S.-Japan
1980, 1983, and 1986 groundfish surveys.



83

Table 31. Estimates of biomass, biomass sampling error, and
population for Atka mackerel based on the U.S.-Japan
1980, 1983, and 1986 Aleutian Islands groundfish
surveys.
Biomass (t) Sampling Error (%) Population (1,000s)
Area Depth (m) 1980 1983 1986 1980 1983 1986 1980 1983 1986
Southwest  1-100 96 15,322 482,546 210.8  28,279.3 1,186,003.8
101-200 76,646 117,812 60,720 145,485.3  268,222.3 130,831.8
201-300 631 2,087 195 1,111.2 4,961.7 624.6
301-500 3 146 1% 0.0 339.7 19.3
501-900 1 1 0 0.0 2.5 0.0
1-900 77,415 135,368 543,475  128.5 78.2  320.3 146,807.3 301,805.5 1,317,479.5
Southeast  1-100 a 65,814 33 a 76,537.2 258.2
101-200 3,043 60,690 7,048 5,648.9  75,517.3 8,944.5
201-300 76 194 6 133.9 390.8 6.8
301-500 16 0 0 0.0 0.0 0.0
501-900 0 0 0 0.0 0.0 0.0
1-900 3,135 126,698 7,087 158.4  131.5  211.8 5,782.8 152 445.3 9,209.5
Northwest  1-100 0 41,075 42,785 0.0  80,052.9 115,368.3
101-200 382 4,111 227 1,050.2 6,107.0 335.8
201-300 1,465 27 1 2,801.2 47.9 4.3
301-500 182 0 0 398.7 0.0 0.0
501-900 4 0 0 0.0 0.0 0.0
1-900 2,033 45,213 43,013  303.4  843.8  153.7 4,250.1  86,296.2 115,708.4
Northeast  1-100 9% 22,121 1 0.0  38,323.6 4.1
101-200 46,695 13,449 40,191 131,600.6  18,372.7  58,744.9
201-300 850 451 195 1,959.1 588.5 213.6
301-500 290 0 1 0.0 0.0 2.8
501-900 0 .0 43 0.0 0.0 51.2
1-900 47,929 36,021 40,431  228.2 67.4  118.7 133,559.7 57,284.8  59,016.6
Bowers 101-200 a 2 0 a 4.7 0.0
Ridge 201-300 0 0 0 0.0 0.0 0.0
301-500 2 0 0 0.0 0.0 0.0
510-900 0 0 0 0.0 0.0 0.0
101-900 2 2 0 0.0 0.0 0.0 0.0 4.7 0.0
Aleutian 1-100 190 144,332 525,365 0.0 274.8 331.6 210.8  223,275.7 1,301,634.4
Islands  101-200 126,766 196,064 108,186  107.3 95.4 63.0 283,785.0 368,229.7 198,857.0
total 201-300 3,022 2,759 397 221.1 1121 132.9 6,005.4 5,988.9 849.3
301-500 521 146 15 155.3 2647  413.4 398.7 339.7 22.1
501-900 15 1 43 328.2 277.6  220.1 0.0 2.5 51.2
1-900 130,514 343,302 634,006  104.3 56.9  275.7 290,399.9 597,836.5 1,501,414.0
Southern 1-100 126 0 635 0.0 0.0 1,437.6
Bering 101-200 19,694 10 9 37,757.0 14.0 21.0
Sea 201-300 2 0 1 0.0 0.0 1.2
301-500 10 0 0 0.0 0.0 0.0
501-900 0 0 0 0.0 0.0 0.0
1-900 19,832 10 645  268.6  156.4  174.0  37,757.0 14.0 1,459.8

a No sampling was conducted in this area-depth interval.



Mean Length (cm) Mean Weight (kg)
1983 1986 1980 1983 1986

1980

84
1983 1986

Mean CPUE (kg/km?)

1980

weight for Atka mackerel based on the U.S.-Japan 1980,
1983, and 1986 Aleutian Islands groundfish surveys.

Estimates of mean catch per unit effort, length, and

Depth (m)

Area

Table 32.

NN wn
.~ = -

QO M

N N

-

NVANNNeEMn
“ s s e e

NOONOLIN

= O [

NO O o
~ » -

[Ta -] el
[ ad

NN N0
“ s s 3 o8 ®

OO O

4”7 O
N wn
- -~
- g ]
-

000000

000000

= NMIN OO
O]

- = =
OO0 O
= 0N MU

L e

[

[

=3

=

=]

3

=]

w

0.38
0.67
0.33
0.00
0.00

0.51
0.67
0.56
0.00
0.00

0.36
0.52
0.46
0.00

42.2
84.4
0.0
2,674.9

11,952.5
347.9

1-100
101-200
201-300
301-500
501-900

1-900

1-100
101-200
201-300
301-500
501-900

1-900

1-100
101-200
201-300
301-500
501-900

1-900

Southeast
Northwest
Northeast

00000
[=R=N=N=N=]
s 5 s 8 s
(=== = =]
TOOON
S OOO
« s s o s
[=N =N~
TCOO0OO0O
(=N =N =N =]

[
(= =N =]

OO0 O
s s s e e
(== N )

[=NoNoN—N-]
" e s s s
[=N=NoN=N=)

TOoOO0OO0O
[
(=N ===

00000
00000

1-100
101-200
201-300

301-500
1-900

501-900

a No sampling was conducted in this area-depth interval.

Aleutian
Islands
Total
Southern
Bering
Sea
Total



85

KG
60 cM™ 1.2
50 ALEUTIAN ISLANDS ;
B MEAN LENGTH XXX MEAN WEIGHT
40 0.8
30
20
10}
o A L L —l
1980 1981 1982 1983 1984 1985 1986

- YEARS

Figure 37. Mean length and weight of Atka mackerel in the
Aleutian Islands area during the U.S.-Japan 1980,
1983, and 1986 groundfish surveys.
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Figure 38. Mean length and weight of Atka mackerel in the
Southern Bering Sea area during the U.S.-Japan 1980,
1983, and 1986 groundfish surveys.
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During 1980, the Atka mackerel stock was characterized by a
bimodal size composition curve consisting primarily of females of
either 29-31 cm or 35-37 cm fork length (Fig. 39). Three year
classes contributed nearly 90% of the total biomass. The 1977
year class contributed 39%, the 1975 year class contributed 28%
and the 1976 year class contributed 19% (Fig. 40).

In 1983, the stock was again characterized by a bimodal size
composition curve, however the sex ratio was nearly even. The
majority of the stock consisted of individuals from 33 to 40 cm,
with the primary female mode peaking at 36 cm and the primary
male mode peaking at 38-39 cm. The stock was dominated by the
same 1977 year class that was the major contributor in 1980,
followed by the 1978 and 1979 year classes that contributed 18%
and 13%, respectively.

A uni-modal size composition was present during 1986, and
again the sex ratio was nearly even. The stock was dominated by
a newly recruited 1983 year class. The 1982 through 1978 year
classes also contributed from 18 to 5%, with decreasing
contribution with increasing age. The 1977 year class which
dominated the stock from 1980 and 1983 was still providing around
2% of the stock.

Examination of age data indicates several differences in age
composition by depth. In 1980, 3-year-old fish dominated the
stock, contributing nearly 40% in all depths for which data is
available. These fish were strongly supported by 4- and 5-year
old fish in all depth intervals (Fig. 41).

In 1983, the 1977 year class (age 6) was still dominating in
the 1-100 m and 101-200 m depth intervals, but in the 201-300 m
depth interval three year classes, 1977-1979, contributed nearly
equal portions, slightly over 20% each.

In 1986, the incoming 1983 year class was the largest
contributor, providing 42% and 48% of the Atka mackerel sampled
in the 1-100 m and 201-300 m zones, respectively. In the
101-200 m depth interval, six year classes (1978-1983)
contributed nearly equal portions to the total stock.

Size and age composition data analyzed by areas indicates
numerous differences within a survey year (Figs. 42-47).

In 1980, stocks in the Southwest area consisted primarily of
larger fish in the 34-37 cm range. These fish were mostly

3- to 6 year-olds from the 1974 through 1977 year classes. The
1975 age group of 5-year-old fish was dominant making up 52% of
the stocks in that area. 1In the Southeast area length data were
not available in 1980, but age data indicate that the stocks were
made up primarily of 3 to 5-year-olds. 1In the Northeast area
fish were smaller, mostly in the 28-33 cm range. Size and age
data for the remaining areas were not available in 1980.

In 1983 the Southwest area contained nearly equal
proportions of males and females in the 29-36 cm size interval.
These were dominated by 5-year-old fish with strong support of
6-year-old fish and a good showing of 4-year-olds. 1In the
Southeast area there were more males than females, and they were
in the 36-42 cm size category. Age data were not available for
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the Southeast area in 1983. 1In the Northwest area there were
more females than males, and they were in the 30-39 cm mode. No
age data were available. In the Northeast area there were
sllghtly more females than males and they were in the 35-40 cm
size range. The 1977 year class of 6-year-old fish was dominant
with major contributions of greater than 10% from 3-, 4-, and
7-year-old fish from the 1980, 1979, and 1976 year classes.

In 1986 the Atka mackerel stock in the Southwest area was
composed mainly of smaller fish (28-36 cm) and there were more
males than females. The age composition was dominated by

3-year-old fish with decrea51ng contributions from older year
classes. In the three remaining areas of the Aleutian Islands
the fish were larger, mostly in the 38-46 cm range. In the
Southeast area most of fish were older than 5 years with
7-year-olds, and 10-year-old fish the largest contributors to the
stocks. No age data are available from the Northwest area in
1986. The Northeast area was composed of several ages with 3- to
9-year-old fish contrlbutlng nearly equal portlons to the stock.

Size composition in the Southern Bering Sea in 1980 was
bimodal and dominated by smaller fish, mostly in the 30-35 cm
range (Fig. 48). No size composition data were available for the
1983 and 1986 surveys and no age data were available from any of
the three surveys.

Mean Length-at-Age and Growth

In view of the age composition and the variation in dominant
year classes between concentrations of Atka mackerel, mean
length-at-age data were computed based upon the data available
for the six concentrations. During the 1980 survey, mean length-

t-age seems quite similar for the three concentrations where age
data is available. However, there may be slightly larger size at
age in the Amchitka and Kiska Islands concentration (Table 33).

During 1983, a gradation of mean size-at-age is obvious with
the smallest sizes occurring at the west end of the Aleutian
Islands, Stalemate Bank; intermediate mean sizes in the central
portlon, Buldir-Tahoma Reefs and Petrel Spur; and the largest
mean sizes at the eastern end, Seguam Pass (Table 34).

In 1986, a similar 51tuatlon was apparent, that is, a
gradatlon in mean size-at-age from west to east, with the largest
mean size again in the eastern Aleutian Islands, Seguam Pass
(Table 35).

These data show that although the western Aleutian Islands
had fish of a smaller mean size-at-age during the 1983 and 1986
surveys, this has not always been the case. In 1980 the mean
size-at-age was as large in the Stalemate Bank concentration as
in the more central portions of the Aleutian Islands.

Age data collected during these surveys indicate that Atka
mackerel on the average grow from 22 to 27 cm during their first
2 years after which the average annual growth increment decreased
to 6.1 cm from age 2 to 3, 3.1 cm from age 3 to 4 and from 0.6 to
1.7 cm thereafter (Table 36).
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Table 33. Mean length (cm) at age and age composition (%) for
high-density Atka mackerel areas sampled during the
U.S.-Japan 1980 Aleutian Islands groundfish survey.

Area

Stalemate Buldir- Amchitka- Petrel Seguam
Bank Tahoma Reefs Kiska Is. Spur Pass
Age Lgth % Lgth % Lgth % Lgth % Lgth
3 31.8 12.4 32.0 3.6 31.3 3.5 - - -
4 34.0 9.7 35.2 7.0 35.6 26.9 - - -
5 35.6 55.5 36.6 62.3 36.1 58.3 - - -
6 35.5 13.6 37.1 16.3 37.7 8.9 - - -
7 36.9 4.3 38.2 3.1 39.3 1.2 - - -
8 38.3 1.8 38.3 2.0 39.3 0.3 - - -
9 38.5 1.3 41.0 0.2 40.0 0.1 - - -

Table 34. Mean length (cm) at age and age composition (%) for
high-density Atka mackerel areas sampled during the
U.S.-Japan 1983 Aleutian Islands groundfish survey.

Area
Stalemate Buldir- Amchitka- Petrel Seguam
Bank Tahoma Reefs Kiska Is. Spur Pass
Age Lgth % Lgth % Lgth % Lgth % Lgth %
2 26.0 0.5 - - - - 30.1 0.1 - -
3 28.5 3.9 34.0 3.4 - - 34.5 16.3 34.8 5.3
4 30.7 11.6 33.7 27.4 - - 35.2 18.2 38.4 13.2
5 32.1 33.8 34.2 23.8 - - 36.8 10.4 37.9 0.1
6 35.3 24.5 35.6 34.4 - - 36.2 25.7 38.7 63.0
7 38.2 5.3 35.1 1.0 - - 36.5 18.2 40.4 0.1
8 35.4 8.7 37.2 6.1 - - 37.1 6.4 39.9 7.3
9 3601 2.2 37.9 207 - - 37-9 0.1 4105 504
10 35.0 2.7 40.2 0.1 - - - - - -
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Table 35. Mean length (cm) at age and age composition (%) for
high-density Atka mackerel areas sampled during the
U.S.-Japan 1986 Aleutian Islands groundfish survey.

Area
Stalemate Buldir- Amchitka- Petrel Seguam
Bank Tahoma Reefs Kiska Is. Spur Pass
Age Lgth % Lgth % Lgth % Lgth % Lgth %
2 - - 29.0 0.6 27.1 7.7 - - - -
3 26.5 9.3 30.0 2.3 30.9 53.3 30.5 23.4 33.5 5.4
4 28.3 15.6 34.0 10.6 32.7 20.3 33.2 22.6 39.3 18.2
5 31.3 17.9 36.1 19.9 35.2 9.7 35.3 15.5 41.1 3.2
6 33.1 29.2 35.8 13.5 36.8 2.5 36.2 14.5 42.0 12.0
7 32.4 16.8 37.0 31.5 38.5 3.0 36.5 9.2 41.8 4.8
8 32.3 3.9 35.8 15.5 38.8 2.5 38.7 1.8 42.1 19.5
9 - - 37.0 0.7 37.7 0.7 38.3 2.7 43.1 13.7
10 - - - - 40.0 0.1 45.0 0.1 42.8 4.6
11 - - - - - - - - 44.5 0.8

Table 36. Estimates of yearly incremental growth (cm) of Atka
mackerel sampled during the U.S.-Japan 1980, 1983, and
1986 Aleutian Islands groundfish surveys.

Year
Age 1980 1983 1986 Average
2-3 8.9 - 3.3 6.1
3-4 3.4 3.0 2.8 3.1
4-5 1.1 0.4 2.2 1.2
5-6 0.3 3.0 1.7 1.7
6-7 1.6 0.3 0.4 0.7
7-8 0.3 -0.2 1.7 0.6
8-9 0.9 1.5 1.6 1.3
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Length-Weight

Length-weight data were collected for Atka mackerel during
all three surveys. Analysis of these data (Fig. 49) provided
estimates for the constants for the sexes combined:

.0171 x Length (cm) jzz

.0001 x Length(cm)3126
.0077 x Length(cm) .

Weight(g) (1980)
Weight(g) (1983)
Weight(g) (1986)

Length-weight relationships for 1980 and 1986 were similar
at smaller lengths (< 32 cm). However in 1986, fish (< 32 cm)
were slightly heavier for a given length than in 1980. In 1983,
Atka mackerel (< 40 cm) were somewhat lighter for a given length
than during 1980 and 1986, but at lengths over 40 cm they were
heavier. s

SEXES COMBINED
—— 1980 N =948 — 1983 N =293 ~—*~ 1986 N =1073

WEIGHT (g)

1200 *

e

} . i 1 | }
oIlflllillIlIIIT1TY1rrIIrIlX[r1T!Illll11rTTTII|!||l

0 10 40

20 30
LENGTH (cm)

Figure 49. Length-weight relationships for Atka mackerel in the
Aleutian Islands area during the U.S.-Japan 1980,
1983, and 1986 groundfish surveys.
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Pacific Ocean Perch

Distribution and Abundance

Pacific ocean perch (Sebastes alutus) are found from
Stalemate Bank to the Islands of Four Mountalns, including Bowers
Ridge, in the Aleutian Islands area and in the Southern Bering
Sea area. Concentrations of high abundance were located during
all three surveys on both sides of the eastern Aleutian Islands
chain from Seguam Island to Great Sitkin Island, around Buldir
Reef, and on Stalemate Bank in the western Aleutlan Islands (Fig.
50-51) . During the 1983 and 1986 surveys, additional high-
density concentrations were located on Walls Plateau and off the
southeast end of Amchitka Island and in 1986 around Kiska Island,
Petrel Bank and on Bowers Ridge. Moderate density concentrations
were encountered off of Umnak Island during all three surveys and
off of Unalaska Island during the 1983 and 1986 surveys in the
Southern Bering Sea area.

Between 1980 and 1983 the biomass estimate increased 141%
from 83,000 t to 117,00 t (Fig. 52). Nearly all of this 44,000 t
increase occurred in the Southeast area (Table 37). Blomass
estimates for the Southwest and Bowers Ridge ares were only
slightly higher in 1983, and there was a decrease in the biomass
of the Northwest and Northeast areas.

In 1986 there was a 177% increase in the biomass estimate
from 117,000 to 208,000 t. Most of this increase occurred on the
north side of the Aleutian Islands chain. There was an 87,000 t
increase in the Northeast area and a 24,000 t increase in the
Northwest areas. A smaller increase occurred on Bowers Ridge,
and moderate reductions of 14,000 t and 8,000 t occurred in the
Southwest and Southeast areas. A large portion of this increase
was probably attributed to the numerous large catches on Petrel
Bank. There was also an increase in the number of high-density
catches in the Seguam Pass region.

During the 1980 and 1983 surveys, the largest portion of the
estimated biomass for Pacific ocean perch was located between
101-200 m, and lesser amounts between 201 and 300 m. In 1986 the
situation was reversed with the largest portion of the biomass in
the 201-300 m depth interval.

In the Southern Bering Sea, the biomass estimates were also
highly variable, increasing from 6,000 t in 1980 to 95,000 t in
1983, then decreasing 57% to 55,000 t in 1986 (Fig. 53).

In both the Aleutian Islands area and the Southern Bering
Sea area, the population mean maximum length (32.5 and 34.6 cm)
occurred during the 1980 survey and the mean maximum weight (0.53
and 0.62 kg) during the 1986 survey (Figs. 54-55, Table 38).
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Figure 51. Distribution and relative abundance of Pacific ocean
perch in the Southern Bering Sea and Bowers Ridge

areas during the U.S.-Japan 1980, 1983, and 1986

Aleutian Islands groundfish surveys.
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Figure 52. Estimated biomass and population of Pacific ocean
perch in the Aleutian Islands area during the U.S.-
Japan 1980, 1983, and 1986 groundfish surveys.
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Table 37. Estimates of biomass, biomass sampling error, and
population for Pacific ocean perch based on the U.S.-
Japan 1980, 1983, and 1986 Aleutian Islands groundfish

surveys.
Biomass (t) Sampting Error (%) Population (1,000s)

Area Depth (m) 1980 1983 1986 1980 1983 1986 1980 1983 1986
Southwest 1-100 0 3 130 0.0 18.9 466.6
101-200 17,885 35,466 14,362 61,419.1 101,284.9 35,022.7

201-300 9,645 5,176 18,132 29,239.2 11,515.9 35,889.8

301-500 4,993 60 109 9,478.0 120.3 244.0

501-900 18 2 0 0.0 3.6 0.0

1-900 32,541 40,707 32,733 101.2 89.0 74.7 100,136.3 112,943.6 71,623.1

Southeast 1-100 a 320 21 : a 3,197.7 399.3
101-200 5,994 27,080 5,883 20,282.9 81,108.6 15,876.4

201-300 1,548 24,551 30,026 . 3,065.6 63,199.8 57,416.6

301-500 502 18 1,826 797.8 34.3 2,762.6

501-900 .0 0 0 0.0 0.0 0.0

1-900 8,044 51,969 37,756 100.7 106.8 68.9 24,146.3  147,540.4 76,454.9

Northwest 1-100 0 5 0 0.0 28.4 0.0
101-200 1 634 3,312 14.4 2,120.2 7,355.8

201-300 1,494 2,850 24,455 3,639.2 3,649.6 36,621.1

301-500 5,766 12 136 5,840.4 12.5 186.9

501-900 4 0 0 ' 0.0 0.0 0.0

1-900 7,265 3,501 27,903 27.2 103.4 87.0 9,494.0 5,810.7 44,163.8

Northeast 1-100 159 17 3 455.5 339.2 62.6
101-200 15,523 4,215 29,135 35,125.2 11,091.9 74,689.6

201-300 13,944 10,348 67,804 25,803.2 14,690.8 104,294.0

301-500 5,154 287 4,465 7,461.6 445.0 10,222.1

501-900 30 0 ] 0.0 0.0 0.0

1-900 34,810 14,867 101,407 85.5 63.7 69.4 68,845.5 26,566.9 189,268.3

Bowers 101-200 a 126 1,546 a 189.1 3,243.2
Ridge 201-300 37 6,059 4,950 32.3 8,616.3 8,711.9
301-500 0 0 1,757 0.0 0.0 2,082.5

510-900 13 0 0 0.0 0.0 0.0

101-900 50 6,185 8,253 55.8 25.0 70.4 32.3 8,865.4 14,037.6

Aleutian 1-100 159 345 154 0.0 6.1 191.8 455.5 3,584.2 928.5
Islands 101-200 39,403 67,521 54,238 93.6 88.9 70.7 116,841.6 195,794.8 136,187.8
Total 201-300 26,668 48,984 145,367 42.9 49.6 47.1 61,779.5 101,671.9 242,933.4
301-500 16,415 377 8,293 69.6 323.6 116.2 23,577.8 612.1 15,498.1

501-900 65 2 0 102.7 277.6 0.0 0.0 3.6 0.0

1-900 82,710 117,229 208,052 47.3 52.6 37.5 202,654.4 301,666.6 395,547.7

Southern 1-100 79 0 190 500.6 0.0 1,804.3
Bering Sea 101-200 708 . 78,190 21,690 2,871.9 176,166.5 38,800.6
Total 201-300 5,047 16,638 32,520 9,950.5 26,626.5 48 309.8
301-500 169 2,651 376 217.2 4,161.8 467.9

501-900 0 0 0 0.0 0.0 0.0

1-900 6,003 97,479 54,776 328.7 182.7 105.6 13,540.2 206,954.8 89,382.6

a No sampling was conducted in this area-depth interval.
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Figure 54. Mean length and weight of Pacific ocean perch in the
Aleutian Islands area during the U.S.-Japan 1980,
1983, and 1986 groundfish surveys.
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Figure 55. Mean length and weight of Pacific ocean perch in the
Southern Bering Sea area during the U.S.-Japan 1980,
1983, and 1986 groundfish surveys.
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Size and Age Composition

New annuli reading criteria and interpretations and age
verification have shown that Pacific ocean perch attain a much
older age than previously thought. These new ageing techniques
were used for all otoliths collected during the three Aleutian
Islands surveys. For the 1980 survey, 78 years was the maximum
age recorded. Fish as old as 98 years and 92 years were recorded
in 1983 and 1986. However, the number of sampled individuals
which attained these o0ld ages was quite small. In 1980, 67% of
the stock was less than 11 years old and 84% was less than 21
years old. Similar results were obtained in 1983: 81% were less
than 11 years and 91% were less than 21 years. In 1986, 69% were
less than 11 years and 87% were less than 21 years. Because so
few individuals reach these old ages, the age composition has
only been plotted for 50 years.

During 1980 the size range of Pacific ocean perch in the
Aleutian Islands extended from 20 to 42 cm and the size
composition was characterized by a uni-modal curve with the
majority of the stock being 26-34 cm with the peak at 29-34 cm
(Fig. 56). With the exception of the 1969 year class, which
appears very weak, this stock was supported by the 1967 1976 year
classes (Fig. 57). These nine year classes provided nearly 77%
of the total population with 8-year-old fish from 1972
contributing 17% and 10-year-olds from 1970 contributing 13%.

In 1983 the size range expanded slightly, from 17 to 44 cm.
The size composition curve was again uni-modal with the majority
of individuals between 23 and 35 cm peaking at 28-31 cm. The
proportions of smaller fish (24-27 cm) increased and larger fish
(32-35 cm) decreased.

Five year classes, 1973 and 1975-1978, dominated the stock
providing 75% of the total. Three year classes, 1976, 1977, and
1975 were particularly strong contributing 23, 21, and 16% of the
stock, respectively. The 1972 year class which was the dominant
year class durlng the 1980 survey contributed only 4% of the
population in 1983. The 1973 year class which appeared weaker
then either the 1972 or 1974 year classes in 1980 appeared
stronger than those year classes in 1983.

In 1986 the size composition curve continued to be uni-modal
with the largest portion of the stock in the 28-38 cm size
range, and a higher percentage of larger fish in the 33-42 cm
range. The seven strongest year classes (1974 and 1976-81)
contributed 72% of the total population. The 1978 year class was
particularly strong, contributing 26% of the stocks, more than
twice the percentage of the 1977 year class which contributed
12%.

In 1986 there were major reductions in the percentage
contribution of the dominant year classes of the 1983 survey.

The 1976, 1977, and 1975 year classes contributed only 7.8, 11.3,
and 2.8%, respectively. In particular the 1975 year class which
appeared very strong in 1983 appeared weak in 1986. During all
three surveys the vast majority of the Pacific ocean perch stocks
were made up of 5- to 12-year-old fish.



109

1980
LENGTH (CM)

0

©
20
30
40
60
€0 :
70 [ Bl uate NWremaLe

; T '
30 20 10 ° 10 20 a0
NUMBER (MILLIONS)
1983
LENGTH (CM)

°

1©

20

30

40

50

60

70 L- MALE FEMAII

R B -

NUMBER (MILLIONS)

1986
LENGTH (CM)

I Ml vaLe U reMALE

I

30 20 10 o 10
NUMBER (MILLIONS)

30

1980
eoNUMBE:‘F! (MILLIONS)
l! SEXES COMBINED ]
45
30
16
[} u ane
o 0 20 30 40- &0

LENGTH (CM)

1983
NUMBER (MILLIONS)

P e —

I SEXES COMBINED

46

LENGTH (CM)

1986

NUMBER (MILLIONS)
80|~

[ BB SEXES COMBINED |

LEEEERER]

o ° 2(7I o 30 40 60
LENGTH (CM)

Figure 56. Size composition of Pacific ocean perch in the
Aleutian Islands area during the U.S.-Japan 1980,
1983, and 1986 groundfish surveys.
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Figure 57. Age composition of Pacific ocean perch in the Aleutian
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Japan 1980, 1983, and 1986 groundfish surveys.
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Analysis of the age composition data by depth intervals
demonstrates considerable variability in age structure of the
stock by depth (Figs. 58-59). During the 1980 survey, 13% of the
stocks in the 1-100 m depth interval were 10-year-old fish from
1970, the strongest age class. The two strongest supporting year
Cclasses were 1974 and 1968, but there was a surprising
contribution of older fish. In the 101-200 m depth interval the
1972 year class was strongest with the 1974, 1975, and 1971 being
the primary supporting year classes. In the 201-301 m interval
the 1972 year class was also the strongest, with the 1970 and
1971 year classes being next in importance. The 1970, 1968, and
1967 year classes were the largest contributors in the 301-500 m
depth zone, even though each contributed less than 10% of the
stocks. There was also a surprisingly strong contribution from
fish 20 years and older. In all depth intervals the 1969 year
class was very weak, and the 1968 year class relatively strong.

In 1983, 6-year-old fish were dominant in the shallowest
water depth interval and received strongest support from the 1980
and 1976 year classes. Unlike 1980, there were no old fish found
in the shallowest depth interval. In the 101-200 m and 201-300 m
depth intervals the 1975-1977 year classes were dominant with the
1976 year class being strongest. In the deepest depth interval
10-year-old fish were most abundant. The 1975, 1971, and 1966
year classes were slightly stronger than the rest of the year
classes which were spread quite evenly throughout the stocks.
There continued to be a good showing of older fish in the deepest
depth zone, however this was not quite as strong as in 1980.

During the 1986 survey, 2-year-o0ld fish were dominant in the
shallowest depth interval. The 1978 year class of 8-year-old
fish was next followed by the 1981, 1977, 1976, and 1974 year
classes. In the 101-200 m depth interval the 1978 year class of
8-year-old fish was the single most dominant year class
contributing 30% of the stock. The 1981, 1979, 1977, and 1980
year classes made up most of the rest of the stocks in that depth
interval. In the 201-301 m depth interval, 8-year-old fish made
up 24% of the stocks, with support from the 1977 and 1976 year
classes. In the deepest depth interval, 8-year-old fish were
still dominant making up 23% of the stocks. Five-year-old fish
‘made up another 13% of the stocks. The showing of older fish was
not as strong as in other surveys.

Size and age composition were different between areas within
survey years (Figs. 60-65). In 1980 the size composition was
bimodal in most areas. In the Southwest area, the principle mode
was at 29-34 cm and the secondary mode was at 24-29 cm. Both
modes consisted of males and females of approximately the same
size. Most of the fish were 8- to 10-year-olds. In the
Southeast area the primary mode ranged from 25 to 30 cm and
consisted of nearly equal proportions of males and females. Most
of these fish were slightly younger fish of 6- to 8-years-old.
The size composition curve in the Northwest area was trimodal;
the principle mode ranged from 38 to 42 cm, and was mostly large



112

PERCENT PERCENT
1100 m 101-200 m
30 - -
I 1980 30 B 1980
20 20
10
i il e 0 i il
0 10 20 30 40 0 10 20 30 40
AGE (YEARS) AGE (YEARS)
ALEUTIAN ISLANDS ALEUTIAN ISLANDS
PERCENT PERCENT
40 40
1-100 m 101-200 m ]
N 1983 30 I 19383
20
10—
0
0 10 20 30 40 0 10 20 30 40
AGE (YEARS) AGE (YEARS)
ALEUTIAN ISLANDS ALEUTIAN ISLANDS
PERCENT PERCENT
1-100 m 101-200 m
5 - .
8 Il 1986 30 N 1936
20(~ 20 -
10 10
o 0
0 10 20 30 40 0 10 20 30 40
AGE (YEARS) AGE (YEARS)

ALEUTIAN [SLLANDS

ALEUTIAN ISLANDS

Figure 58. Age composition of Pacific ocean perch in the 1-100 m
and 101-200 m depth intervals of the Aleutian Islands
area during the U.S.-Japan 1980, 1983, and 1986

groundfish surveys.
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Figure 60. Size composition of Pacific ocean perch in the
Southwest area of the Aleutian Islands during the
U.S.-Japan 1980, 1983, and 1986 groundfish surveys.
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Figure 61. Size composition of Pacific ocean perch in the
Southeast area of the Aleutian Islands during the
U.S.-Japan 1980, 1983, and 1986 groundfish surveys.
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Figure 62. Size composition of Pacific ocean perch in the
Northwest area of the Aleutian Islands during the
U.S.-Japan 1980, 1983, and 1986 groundfish surveys.
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Figure 63. Size composition of Pacific ocean perch in the
Northeast area of the Aleutian Islands during the
U.S.-Japan 1980, 1983, and 1986 groundfish surveys.
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Figure 64. Age composition of Pacific ocean perch in the

SOUTHEAST SUBAREA

Southwest and Southeast areas of the Aleutian Islands
during the U.S.-Japan 1980, 1983, and 1986 groundfish

surveys.
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Figure 65. Age composition of Pacific ocean perch in the
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Northwest and Northeast areas of the Aleutian Islands
during the U.S.-Japan 1980, 1983, and 1986 groundfish

surveys.
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females. There was a strong secondary mode at 28-33 cm, composed
mostly of males, and a third weak mode at 21-24 cm consisting of
both males and females. In the Southeast area the principle mode
was at 29-34 cm and consisted malnly of females. The secondary
mode was composed mainly of males in the 24-29 cm range. No age
data are available from 1980 north of the chain.

During 1983 the size composition curves in most areas were
flat without defining modes. In the Southwest area most fish
were 5- to 7-years-old from the 1978-1976 year class. In the
Southeast area a strong unimodal curve ranged from 23 to 34 cn.
These were mostly 6- to 8-year-old fish from the 1975-1977 year
classes. In the Northwest area, there were no defining size
modes and no age data. There were also no defining size modes in
the Northeast area, but there was a s